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RECOMMENDATIONS  AUX  AUTEURS 


La  Revue  Proceedings  of  the  Nova  Scotian  Institute  of  Science  publie  les  travaux  de  I’lnstitut,  des  articles 
originaux  et  des  notes  avant  trait  aux  sciences  naturelles  aux  Provinces  atlantiques,  surtout  dans  les 
domaines  de  la  biologie  et  de  la  geologie.  Les  manuscrits  peuvent  etre  en  anglais  ou  en  frangais,  et  seront 
soumis  a  I’avis  d'experts  avant  d’etre  acceptes. 

Les  texts  doivent  etre  dactylographies  a  interligne  double,  sur  des  feuilles  de  papier  blanc  21.5  cm  sur  28cm 
(8.5  po  sur  11  po),  avec  marges  de  4  cm  (1.5  po).  Ne  souligner  que  les  passages  destines  a  etre  imprimes  en 
italique;  utiliser  les  majuscules  dans  le  seul  cas  ou  les  lettres  ou  les  mots  en  question  doivent  paraitre  en 
majusculesa  I’impression.  La  miseen  page  et  la  typographic  suivront  le  modele  du  present  ouvrage.  Le  texte 
original  doit  etre  accompagne  d’une  copie.  Chaque  page  doit  etre  numerote,  la  premiere  page  ne  portant 
que  le  titre,  le  nom  desauteures,  la  mention  de  I’universite  ou  autre  establissement  auquel  ils  sont  affectes, 
et  des  notes  infrapaginales  eventuelles. 

L’orthographe  doit  se  conformer  au  Larousse  encyclopedique.  Les  auteurs  sont  responsables  de  I’unifor- 
mite  de  I’orthographe  dans  leurs  texts. 

Les  abreviations,  la  nomenclature  et  les  symboles  des  unites  de  mesure  doivent  se  conformer  aux  normes 
internationales.  Les  unites  metriques  (SI)  et  les  decimales  doivent  etre  utilisees  dans  la  mesure  du  possible. 
Pour  les  dates,  adopter  I’order  jour/mois/annee.  Ne  pas  faire  suivre  d’un  point  les  abbreviations  "mm,  kg, 
ME,  CNRC”,  etc. 

Les  tableaux  taxonomiques  doivent  se  presenter,  dans  des  cas  de  la  zoologie  et  de  la  paleontologie,  sous 
forme  de  descriptions  dichotomiquesalignees  verticalement,  et  pour  la  botanique  sous  forme  multilineaire 
etagee.  La  synonymie,  en  botanique,  en  zoologie  et  en  paleontologie,  doit  etre  presentee  succinctement: 
taxon,  auteur,  annee:  page,  avec  citation  au  complet  aux  indications  bibliographiques. 

Un  resume  depassant  pas  200  mots  doit  preceder  le  corps  du  texte.  Le  texte  lui-meme  doit  comprendre  les 
sections  suivantes:  introduction,  methodes,  resultats  ou  observations,  discussion,  references  bibliogra¬ 
phiques.  Dans  certains  cas,  une  synthese  de  deux  ou  de  plusieurs  de  ces  sections  peut  etre  souhaitable. 

Les  references  bibliographiques  doivent  etre  verifiees  aupres  des  publications  d'origine,  et  doivent  etre 
identifies  da  ns  le  texte  par  les  mentions  auteur  et  date,  entre  parentheses.  Les  references  bibliographiques 
doivent  etre  arrangees  par  ordre  alphabetique  en  fin  de  texte.  Les  references  aux  articles  parus  dans  des 
revues  doivent  comporter  les  elements  suivants:  nom  du  journal,  numero  du  volume,  pagination 
complete.  L'abreviation  des  titres  revues  doivent  se  conformer  au  Bibliographic  Guide  for  Editors  and 
Authors  (American  Chemical  Company,  1974).  Pour  les  revues  qui  n’y  figurent  pas,  consultera  la  World  List 
of  Scientific  Periodicals  (Butterworths,  1963).  Nous  donnons  ci-dessous  quelques  examples  de  reference 
aux  revues,  livres  et  recueils: 

Auteur,  U.N.  et  Autre,  T.E.L.  1978.  Titre  de  Particles.  Nom  de  la  revue,  (volume)  99,  1-10,  (omettre  le  mot 
“volume"). 

Auteur,  U.N.  et  Coauteur,  S.O.N.  1978.  Titre  du  livre  au  complet.  Editeur,  Ville. 

Auteur,  U.N.  1978.  Titre  de  Particle.  In  Titre  du  livre  ou  de  Recueil.  (red.  A.  Lenoir  et  B.  Leblanc).  Editeur, 
Ville,  pp.  256-301. 

Les  tableaux  doivent  etre  numerotes  en  chiffres  romains,  avoir  un  titre  conciset  etre  signales  dans  le  texte.  Ils 
ne  doivent  pas  comporter  de  lignes  verticales.  Les  tableaux  doivent  etre  soumis  sur  feuilles  a  part. 

Les  dimensionsde  originaux  des  illustrations  ne  doivent  pas  depasser  le  triple  de  celles  de  leur  reproduction 
definitive,  soit  11  cm  sur  10  cm.  Les  figures,  y  compris  celles  des  planches,  seront  numerotees  en  chiffres 
arabes,  et  doivent  etre  signalees  dans  le  texte.  Les  dessins  originaux  doivent  etre  executes  a  Pencre  de  Chine 
sur  du  papier  blanc.  Tous  les  traits  doivent  etre  suffisamment  epais  pour  en  assurer  la  reproduction  bien 
nette.  Les  lettres  et  autrescaracteres  doivent  etre  de  dimensionsa  rester  parfaitement  lisiblesa  la  reduction, 
et  en  aucun  cas  ne  doivent  etre  inferieurs  en  a  I’etat  reduit,  a  1  mm,  hauteur.  Les  originaux  des  illustrations 
son  exiges,  ainsi  qu’un  jeu  de  copies  bien  propres.  Les  legendes  des  illustrations  doivent  etre  ecrite  a  la 
machine  sur  feuille  a  part. 

Les  photographies  doivent  etre  montees  sur  du  bristol  bien  rigide,  pretes  a  la  reproduction.  Les  epreuves, 
sur  papier  glace,  doivent  etre  d’excellente  qualite,  Les  photographies  destinees  a  etre  groupees  doivent  etre 
montees  ensemble  sans  intervalle.  Les  photographies  de  qualite  inferieure  seront  refusees,  ce  qui  risque 
d’entrainer  des  remaniements  importants  du  manuscrit. 

Les  illustrations  en  couleur  sont  acceptables,  a  la  discretion  de  la  redaction.  Toutefois,  lesfrais  de  reproduc¬ 
tion  en  couleur  restent  a  la  charge  des  auteurs,  qui  doivent  d’ailleurs  en  accepter  la  responsabilite  par  ecrit. 

Les  auteurs  seront  responsables  de  la  correction  des  epreuves.  Les  commandes  de  tirages  a  part,  en  sus  des 
15  fournis  a  titre  gratuit,  doivent  etre  passees  au  moment  de  la  remise  des  epreuves  corrigees. 

On  impose  un  tarif  de  $20.00  pour  chaque  page  de  texte  et  de  $30.00  par  page  de  cliches,  sauf  pour  les  cas 
speciaux  qui  seront  referes  a  I’editeur. 
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DISTRIBUTION  AND  ABUNDANCE  OF  MYSIDS 
IN  THE  CUMBERLAND  BASIN,  UPPER  BAY  OF  FUNDY 

NICK  J.  PROUSE 

Department  of  Fisheries  and  Oceans 
Marine  Ecology  Laboratory 
Bedford  Institute  of  Oceanography 
Dartmouth,  N.S. 

Canada  B2Y  4A2 


The  distribution  and  abundance  of  two  species  of  mysids,  Neomysis  americana  and  Mysis 
stenolepis,  in  the  Cumberland  Basin  was  studied  on  monthly  cruises  from  March  to  October 
1981  and  1982.  Maximum  numbers  and  biomass  occurred  in  summer  and  early  fall  respectively, 
with  lower  values  in  March  and  October.  N.  americana  was  the  dominant  species,  averaging  up 
to  10  adults  m  3;  this  species  produced  two  generations  per  year,  the  first  in  May-June  and  the 
second  overwintering  generation  in  September-October.  M.  stenolepis  produced  one  genera¬ 
tion  per  year  in  May-June.  Despite  high  turbidity  and  tidal  currents,  adult  M.  stenolepis 
demonstrated  limited  vertical  migration,  with  greater  numbers  observed  in  the  upper  2  m  at 
night  than  in  daylight  hours.  Spartina  detritus  was  present  in  the  gut  of  mysids  throughout  the 
study  and  suspended  in  the  water  at  concentrations  that  potentially  could  support  the  mysid 
populations. 

L’auteur  a  etudie  la  distribution  et  I’abondance  de  deux  expeces  de  myside  Neomysis  ameri¬ 
cana  et  Mysis  stenolepsis  dans  le  Bassin  de  Cumberland  au  cours  des  croisieres  mensuelles  de 
mars  a  octobre  1981  et  1982.  Les  maxima  en  nombre  et  en  biomasse  se  trouvent  en  ete  et  en 
automne  respective  me  nt  avec  les  ni  veaux  plus  bas  trouves  en  mars  et  en  octobre.  N.  americana 
est  I’espece  dominante  moyennant  jusqu'a  10  adultes  m  3.  Cette  espece  produit  deux  genera¬ 
tions  par  an,  la  premiere  en  mai-juin  et  la  deuxieme  generation  passant  I’hiver  en  septembre- 
octobre.  M.  stenolepsis  produit  une  generation  paranen  mai-juin.  Malgre  une  turbite  e levee  et 
les  cou rants  de  maree,  I'adulte  M.  stenolepsis  manifeste  une  migration  verticale  limitee.  Dans  la 
couche  superieure  d’ea  u  (2m)  on  observe  unplusgrandnombrelejourquelanuit.  Lesdetritus 
de  Spartina  ont  ete  present  dans  le  boyau  des  mysides  pendant  toute  la  periode  de  I'etude  et  ont 
ete  suspendus  dans  I’eau  a  des  concentrations  qui  pourraient  entretenir  les  populations  de 
mysides  observees. 


Introduction 

The  distribution  and  abundance  of  mysids  in  the  upper  reaches  of  the  Bay  of 
Fundy,  which  are  typified  by  high  turbidity  and  extreme  tidal  ranges,  are  poorly 
understood.  The  existence  of  large  numbers  is  suggested  by  the  observations  of  Leim 
(1924)  in  the  Minas  Basin,  Hildebrand  (1981)  in  Shepody  Bay  and  Uhazy  (1980)  in  the 
Cumberland  Basin.  Possibly  the  best  indicator  of  their  abundance  is  that  they  are 
commonly  found  in  the  guts  of  fish,  especially  American  shad  (Alosa  sapidissima) 
which  migrate  into  the  region  from  June  to  October  (Leim  1924).  Dadswell  et  al. 
(1983)  noted  that  the  turbid  water  in  the  Cumberland  Basin  reduces  the  mean 
swimming  depth  of  shad  to  between  5.4  and  9.2  m.  Although  there  have  been  no 
quantitative  studies  relating  the  biomass  of  fish  to  biomass  of  mysids  consumed  in  the 
upper  reaches  of  Fundy,  these  authors  conclude  that  shad,  as  a  filter  feeding  plan kti- 
vore,  could  eat  these  organisms. 

Many  biological  investigations  of  mysid  species,  particularly  Neomysis  americana, 
have  been  conducted  along  the  east  coast  of  North  America  because  of  their 
abundance  and  importance  as  food  for  fish  and  possible  role  as  consumers  of  detritus 
(e.g.  Maurer  &  Wigley  1982;  Williams  1972;  Herman  1963).  It  has  been  suggested  that 
mysids  and  zooplankton  in  the  upper  Bay  of  Fundy  derive  a  substantial  amount  of 
their  energy  from  Spartina  detritus  (Gordon  et  al.  1985b).  To  clarify  the  importance  of 
macroplankton  in  this  turbid  environment  and  possible  links  between  detritus  and 
fish,  I  undertook  a  study  of  the  species  distribution  and  relative  abundance  of  mysids 
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in  the  shallow  depths  of  the  Cumberland  Basin  during  months  when  shad  are 
present.  This  is  a  contribution  to  studies  in  the  upper  reaches  of  Bay  of  Fundy,  an  area 
which  has  received  increased  attention  during  the  past  decade  in  response  to 
proposals  for  tidal  power  development  (Gordon  and  Dadswell  1984). 

Study  Site 

The  study  was  conducted  in  the  Cumberland  Basin,  a  118  km2  estuary  at  the  head  of 
the  Bay  of  Fundy  (Fig.  1).  The  mean  tidal  range  is  approximatelyll  m  and  can  reach 
16  m  on  high  spring  tides.  Strong  tidal  currents  averaging  0. 6-1.0  m  sec"1  (Amos  and 
Asprey  1981)  create  very  turbid  conditions;  concentrations  of  suspended  sediment 
vary  from  0.1  to  1.0  g  L  1  and  increase  with  depth  and  towards  the  head  of  the  Basin. 
Salinity  along  the  estuary  varies  between  22°/00  and  34°/00  and  temperature,  which 
is  often  uniform  from  surface  to  bottom,  has  a  winter  minimum  of  -1.5°C  and  a 
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Fig  1  Map  of  the  Cumberland  Basin  showing  major  salt  marsh  and  mudflat  areas, 
approximate  tidal  excursion  limits  and  distance  seaward  from  the  head  of 
salt  water  at  mean  high  tide.  LLW  indicates  lowest  low  water. 
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summer  maximum  of  18°C.  Depth  at  mean  sea  level  averages  7  and  12  m  for  the  inner 
and  outer  Basin  respectfully.  The  Cumberland  Basin  is  typified  by  large  tracts  of 
saltmarsh  dominated  by  Spartina  alterniflora  (Gordon  et  a/.  1985a)  and  extensive 
mudflats. 


Methods 

Mysids  were  collected  monthly  from  a  local  fishing  boat  from  June  to  October  in 
1981  using  a  0.5  m  diameter  600  yum  mesh  plankton  net  towed  at  a  mean  depth  of  6  m. 
Although  this  mesh  size  underestimated  the  number  of  juvenile  mysids,  it  efficiently 
caught  adult  mysids  and  did  not  clog  with  the  high  amounts  of  macrodetritus  in  the 
water.  The  net  was  fitted  with  a  General  Oceanics  digital  flowmeter  to  determine  the 
volume  of  water  sampled.  Continuous  tows  of  30  min.  duration  each  were  made  over 
one  complete  tidal  cycle  throughout  the  Cumberland  Basin.  A  second  series  of 
samples  was  collected  monthly  from  either  the  RV  J.L.  Hart  or  a  local  fishing  boat 
between  March  and  September  (except  July)  in  1982;  nets  similar  to  those  used  in 
1981  were  towed  for  one  hour  continuously  over  one  or  two  complete  tidal  cycles  at 
the  mouth  of  the  Basin.  Most  samples  were  collected  in  duplicate  with  one  net 
deployed  near  the  surface  (0  -  2  m)  and  the  other  at  a  fixed  midwater  depth  ranging 
from  2  -  19  m. 

Contents  of  tows  were  preserved  in  5%  formalin.  Results  from  tows  taken  in  1982 
were  used  for  biomass  and  number  estimates  since  measured  volumes  of  water 
filtered  were  recorded  from  attached  flowmeters.  Samples  were  split  in  the  labora¬ 
tory  with  a  Motoda  zooplankton  splitter  and  the  mysids  separated  from  the  macrode¬ 
tritus  using  a  density  gradient  method  by  centrifuging  with  LUDOX  solution 
(Schwinghamer  et  a/.  1983).  Mysids  were  identified,  sorted  into  stages  as  juvenile  or 
adult  (immature  or  mature)  according  to  size  and  counted.  Juveniles  had  no  secon- 
darysexual  characteristics  and  were  less  than  6  mm  in  body  length.  Mysid  wet  weights 
were  measured  to  calculate  biomass  per  unit  volume  seawater.  Actual  numbers  and 
biomass  per  m3  of  seawater  were  averaged  for  each  sampling  date,  both  for  daylight 
and  nighttime  hours  and  the  entire  day. 

The  detritus  was  dried  and  weighed  to  calculate  the  amounts  and  distribution  of 
macrodetritus  for  a  concurrent  study  (Gordon  et  al.  1985b)  and  to  test  for  correlations 
with  mysid  population  distribution.  Mysid  numbers  were  analyzed  to  confirm  any 
vertical  movements  through  the  water  column.  Statistical  tests  on  the  data  used 
BMDP  programs  (Dixon  and  Brown  1979). 

During  the  1982  sampling,  the  location  of  the  tows  was  standardized  to  the 
potential  location  the  water  mass  would  occupy  at  mean  high  water  (Gordon  et  al. 
1985b).  Estimated  current  velocities  are  higher  than  the  maximum  swimming  velocity 
of  mysids  as  Neomysis  americana  (Hargreaves  1982)  so  they  could  be  swept  to  these 
high  tide  positions. 

The  respiratory  potential  of  mysids  in  the  water  column  was  estimated  from  the 
multiple  regression  of  oxygen  uptake  by  Diaptomus  (Comita  1968).  Using  published 
data  to  confirm  realistic  values  for  mysids,  this  regression  accounted  for  56%  of  actual 
oxygen  consumption  in  Neomysis  americana  (Smith  and  Hargreaves  1984)  and  Neo¬ 
mysis  awatschensis  and  Archaeomysis  grebnitzhui  (Jawed  1973). 


Results 

Neomysis  americana  and  Mys/'s  stenolysis  were  the  only  mysid  species  collected 
during  the  study.  In  March  of  1982  no  N.  americana  were  collected  and  only  0.02  M. 
stenolepis  m  3  were  captured  at  the  mouth  of  the  Basin.  N.  americana ,  present  in  all 
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Fig  2  Average  daily  number  and  biomass  per  m3  of  Neomysis  americana  collected 
at  mid-depth  from  the  Cumberland  Basin  in  1982. 


samples  collected  in  successive  months,  was  the  dominant  species  in  numbers  from 
April  to  September  and  in  biomass  from  June  to  August  (Fig.  2).  Large  numbers  of 
juvenile  N.  americana,  averaging  73  m  3  at  midwater  depths,  were  caught  in  June. 
These  developed  into  immature  adults  by  August  which  gave  the  maximum  average 
population  density  of  10.0  N.  americana  m  3  in  1982.  Biomass  followed  the  same 
general  pattern  with  very  low  weights  in  spring  which  rapidly  increased  to  the 
maximum  biomass  of  488  mg  wet  weight  m  3  in  June.  This  resulted  from  the  presence 
of  overwintering  and  gravid  adults  as  well  as  many  juveniles.  Biomass  decreased  to  5.5 
mg  wet  weight  m  3  by  September.  Some  of  the  summer  generation  had  matured  by 
the  end  of  September  and  were  ovigerous;  a  few  juveniles  representing  the  second 
generation  for  the  year  were  observed  at  this  time. 

M.  stenolepis  was  not  collected  in  June  1982.  No  sampling  was  carried  out  in  July. 
From  observations  during  1981,  it  appears  that  M.  stenolepis  has  one  generation  per 
year.  Juveniles  from  overwintering  adults  were  first  encountered  in  May.  Adults,  all  of 
which  were  female,  disappeared  from  the  population  in  June  and  the  juveniles 
matured  to  reach  a  maximum  biomass  of  35.9  mg  wet  weight  m  3  in  September  1982 
(Fig.  3).  This  also  corresponds  to  the  maximum  average  population  of  M.  stenolepis  of 
0.13  mysids  m  3  during  the  study.  Observation  in  1981  indicated  M.  stenolepis  had  a 
similar  pattern  of  abundance  to  that  in  1982  except  for  a  summer  peak,  after  which  the 
population  decreased  to  low  numbers  in  October. 

Location  of  the  tows  at  mean  high  water  along  the  axis  of  the  estuaries  in  1982  was 
plotted  against  the  total  mysid  biomass  in  each  tow  (Fig.  4).  There  was  significant 
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Fig  3  Average  daily  number  and  biomass  per  m3  of  Mysis  stenolepis  collected  at 
mid-depth  from  the  Cumberland  Basin  in  1982. 


positive  correlation  (r2  =  0.29,  n  =  160,  p  <  0.001)  between  increasing  biomass  and 
location  toward  the  head  of  Cumberland  Basin.  Similarly,  macrodetritus  greater  than 
600  n m,  85%  of  which  is  clearly  of  Spartina  origin,  and  suspended  sediment  also 
increased  in  this  direction  (Gordon  etal.  1985b;  Amos  and  Asprey  1981).  There  was  no 
significant  correlation  between  the  abundance  of  each  species  and  the  amount  of 
suspended  Spartina  macrodetritus  in  the  water. 

Average  number  of  each  species  per  m3  collected  in  shallow  and  mid  water  depths 
during  day  and  night  (Tables  I  &  II)  were  analyzed  for  possible  diurnal  movement. 
There  were  significantly  more  adult  M.  stenolepis  in  deeper  water  during  daylight 
hours  (t  =  -3.81,  p  <  0.001,  df  =  81.9)  but  there  was  no  avoidance  of  surface  water  at 
night;  vertical  migration  was  probably  initiated  at  the  onset  of  darkness.  No  signifi¬ 
cant  differences  in  the  vertical  distribution  of  adult  N.  americana  nor  the  juveniles  of 
each  species  was  observed.  Using  a  t  test,  there  was  also  no  significant  difference  in 
number  and  biomass  of  mysids  between  ebb  and  flood  tides. 

*  •  _3 

Oxygen  consumption  was  calculated  from  biomass  of  both  species  per  m  over 
the  study  period  with  correction  for  temperature  differences  in  various  sampling 
dates.  The  total  amount  of  oxygen  consumed  was  expressed  as  organic  carbon  to 
determine  the  feeding  potential  of  mysids  in  the  estuary  and  to  compare  this  to  a  food 


Table  I  Average  number  of  adult  Neomysis  americana  per  m3  collected  during  day  and  night  sampling  at  shallow  (0-2  m)  and  mid  water  (2-19 
m)  depths  from  the  Cumberland  Basin  in  1982.  N  =  number  of  tows. 
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Table  II  Average  number  of  adult  Mysis  stenolepis  per  m3  x  10  2  collected  during  day  and  night  sampling  at  shallow  (0-2  m)  and  midwater 
(2-19  m)  depths  from  the  Cumberland  Basin  in  1982.  N  =  number  of  tows. 
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Biomass  of  mysids  collected  from  each  sample  tow  in  the  Cumberland  Basin 
plotted  against  location  corrected  to  high  tide  position. 


Q 

supply  potentially  available  as  macrodetritus.  This  varied  from  0.001  to  0.510  mg  C  m" 
respired  per  day.  From  a  concurrent  study,  the  mean  concentration  of  Spartina 
detritus  in  the  water  column  was15mg  m  3  (Gordon  et  a/.  1985b)  which  represents4.5 
to  6.5  mg  C  m  3  (Gordon  et  a/.  1985a). 


Discussion 

Observations  over  two  sampling  seasons  in  Cumberland  Basin  showed  that 
changes  in  mysid  propulation  structure  and  abundance  were  similar  to  other  tem¬ 
perate  areas;  there  are  distinct  seasonal  fluctuations  in  mysid  populations  in  all 
temperate  regions.  Hopkins  (1965),  amongst  others,  described  how  N.  americana  is 
abundant  in  the  Delaware  estuary  from  April  to  September  and  had  a  summer 
maximum  in  surface  tows  of  3300  m  3  in  June  and  800  m  3  in  July.  N.  americana  in  the 
Cumberland  Basin  appears  to  have  a  similar  pattern,  increasing  from  low  numbers  in 
March  -  April  to  a  maximum  in  summer  as  a  result  of  breeding,  then  declines  in 
numbers  in  September  -  October.  M.  stenolepis,  with  low  numbers  in  spring,  a 
population  maximum  in  September,  and  possible  low  abundance  in  fall,  also  has 
these  seasonal  fluctuations.  Life  histories  of  N.  americana  and  M.  stenolepis  in  the 
Basin,  with  two  and  one  generations  per  year  respectively,  are  in  agreement  with 
those  described  for  the  same  species  near  the  mouth  of  the  Bay  of  Fundy  (Pezzack 
and  Corey  1979;  Amaratunga  and  Corey  1975). 

N.  americana  was  the  dominant  species  of  mysid,  as  has  been  observed  in  other 
areas  along  the  east  coast  of  North  America  (e.g.  Hopkins  1965;  Wigley  and  Burns 
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1971;  Williams  1972).  Although  population  abundance  (average  number  per  m3) 
seems  low  in  comparison  to  observations  in  other  areas,  N.  americana  is  relatively 
abundant.  For  example,  one  tow  in  June  1982  had  25  adults  and  261  juveniles  m‘3.  As 
stated  by  Hulbert  (1957),  a  population  of  N.  americana  greater  than  10  m  3  is  a 
"relatively  large  concentration". 

The  decline  in  number  of  mysids  in  summer-early  fall  might  be  partly  due  to 
predation  by  the  American  shad  Alosa  sapidissima.  Large  numbers  of  shad,  originat¬ 
ing  along  the  entire  Atlantic  coast  of  North  America,  migrate  into  the  upper  reaches 
of  Fundy  from  June  to  October,  peaking  in  July  (Dadswell  et  al.  1983).  This  is  the  most 
important  large  pelagic  fish  to  enter  the  Cumberland  Basin  and  individuals  concen¬ 
trate  at  shallow  depths.  Leim  (1924)  found  that  N.  americana  was  the  major  food 
source  of  mature  shad  in  nearby  Scotsman  Bay.  Similarly,  adult  shad  along  the  Pacific 
coast  in  the  Sacramento  -  San  Joaquin  Delta  of  California  were  shown  to  feed 
primarily  on  a  slightly  larger  mysid,  Neomysis  awatschensis  (Stevens  1966);  the  stom¬ 
ach  of  one  shad  contained  in  excess  of  4000  mysids.  Other  pelagic  fish  as  the  alewife 
Alosa  pseudoharengus  and  blueback  herring  Alosa  aestivalis  are  also  numerous  in 
this  area  and  have  been  observed  to  eat  mysids  (H.  Stone  unpublished  data).  In 
addition,  N.  americana  is  consumed  by  juvenile  fish  such  as  the  American  smelt 
Osmerus  mordax  and  smooth  flounder  Liopsetta  putnami  in  the  upper  Bay  of  Fundy 
(Imrieand  Daborn  1981)  and  M.  stenolepis  is  the  "principal  prey"  of  six  species  offish, 
including  white  hake  Urophycis  tenuis,  in  Passamaquoddy  Bay,  lower  Bay  of  Fundy 
(Tyler  1972). 

The  decline  of  mysid  populations  in  the  fall  might  also  be  due  to  the  migration  of 
animals  to  deeper  water  outside  Cumberland  Basin.  Hopkins  (1965)  noted  low 
numbers  of  N.  americana  in  surface  water  of  the  Indian  River  Inlet,  Delaware,  during 
late  fall  and  winter,  perhaps  in  response  to  decreasing  water  temperature.  Amara- 
tunga  and  Corey  (1975)  observed  that  M.  stenolepis  in  Passamaquoddy  Bay  moved  to 
deeper  water  (20-50  m)  in  autumn,  possibly  to  breed.  Tows  in  Cumberland  Basin  were 
not  deeper  than  19  m  nor  were  any  made  in  late  fall  and  winter  so  emigration  cannot 
be  verified.  However,  M.  stenolepis  was  absent  and  N.  americana  in  very  low 
abundance,  <1  mysid  m  3,  in  oblique  tows  taken  at  the  mouth  of  the  Cumberland 
Basin  in  February  1980  (G.  Daborn  unpublished  data). 

Movement  of  mysids,  especially  N.  americana  through  the  water  column  in 
response  to  light  is  well  documented  (eg.  Hulbert  1957;  Herman  1962;  Hopkins  1965). 
Limited  vertical  migration  in  the  Cumberland  Basin  with  only  adult  M.  stenolepis 
exhibiting  significant  diurnal  movement  could  be  the  result  of  low  light  and  strong 
tidal  turbulence.  High  levels  of  suspended  material  in  the  Basin  reduced  the  1% 
depth  of  light  penetration  to  less  than  2  m  (Prouse  1983)  and  on  some  occasions 
midday  light  levels  at  1  m  depth  were  below  4.25  Wrrf2  (Prouse  unpublished  data 
from  Hargrave  et  al.  1983).  Mauchline  (1980),  reviewing  mysid  behavioral  responses, 
pointed  out  that  103  to  104  lux  (4.25  -  42.5  Wnrf2)  inhibits  mysid  vertical  movement 
towards  the  surface  whereas  4  x  10  2  lux  (2  x  10  4  Wm’2)  or  less  can  initiate  positive 
phototaxis.  Thus  the  migratory  response  of  mysids  to  light  in  the  Basin  would 
fluctuate  greatly  depending  on  the  amount  of  suspended  material  and  the  incident 
radiation.  In  addition,  very  strong  tidal  turbulence  could  impede  the  swimming  of 
mysids,  especially  the  smaller  N.  americana  and  juveniles  of  both  species,  so  that  they 
are  randomly  mixed  in  the  water  column.  N.  americana  has  a  routine  swimming 
velocity  of  7  cm  sec-1  (Hargreaves  1982),  whereas  larger  mysids  such  as  M.  stenolepis 
have  a  greater  swimming  speed  and  could  perhaps  have  directed  movement  under 
highly  turbulent  conditions. 

Mysids  are  omnivores,  feeding  on  a  great  diversity  of  material  (reviewed  by 
Mauchline  1980).  Diatoms  can  be  a  major  food  item  (Siegfried  and  Kopache  1980; 
Kost  and  Knight  1975)  and  Fulton  (1982a,  b)  recognized  N.  americana  as  a  predator  of 
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copepods.  Fulton  also  observed  the  dominance  of  unidentified  detritus  in  the  guts  of 
N.  americana.  Teal  (1962)  has  described  how  detritus  from  Spartina  alterniflora  can 
provide  food  for  fauna  of  a  Georgia  saltmarsh  and  laboratory  studies  on  M.  stenolepis 
indicate  an  ability  to  digest  cellulose  (Foulds  and  Mann  1978;  Wainright  and  Mann 
1982).  It  is  likely  that  the  large  amounts  of  salt  marsh  detritus  in  suspension  originating 
from  extensive  Spartina  marshes  in  the  Cumberland  Basin  are  an  important  energy 
source  for  mysids.  Very  high  ingestion  rates  of  Spartina  detritus  by  N.  americana  have 
been  observed  in  North  Inlet,  South  Carolina  (Zagursky  and  Feller  1985);  when  fed 
Spartina  detritus  in  the  laboratory  these  mysids  consumed  over  200%  of  their  body 
carbon  per  day. 

Preliminary  observations  by  microscopic  examination  indicate  that  both  species 
had  Spartina  detritus  in  their  guts.  Further,  as  calculated  above,  the  carbon  content  of 
detritus  suspended  in  the  water  was  much  greater  than  the  daily  carbon  require¬ 
ments  for  mysid  respiration  and  could  potentially  support  the  population.  It  has  been 
stated  that  mysids  consume  the  most  abundant  food  available  (Raymont  et  al.  1964). 
As  phytoplankton  production  is  low,  on  the  order  of  15  g  C  m  2  y  1  (Prouse  et  al.  1984), 
and  the  copepod  biomass  is  considerable  but  extremely  patchy  (Daborn  1984), 
Spartina  detritus  could  be  a  major  source  of  food  for  these  organisms  in  the  upper 
reaches  of  the  Bay  of  Fundy. 
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Three  indices  of  eutrophication  are  used  to  compare  effects  of  urbanization  on  seven  headwater 
lakes  near  Halifax,  Nova  Scotia.  Annual  (1983)  inputs  of  phosphorus  were  calculated  and  compared 
with  lake  Secchi  transparencies  and  rates  of  consumption  of  hypolimnetic  oxygen  (Thienemann 
index).  Results  from  transparency  and  oxygen  deficits  were  similar  but  implied  greatereutrophication 
than  did  the  phosphorus  index.  Brief  discussion  of  some  inherent  problems  of  each  index  is  included. 

Les  auteurs  emploient  trois  indices  d’eutophication  pour  comparer  les  effets  d'urbanization  sur 
sept  lacs  sources  de  riviere  pres  d’Halifax,  Nouvelle  Ecosse.  Les  apports  annuels  (1983)  de  phosphore 
sont  calcules  et  compares  avec  la  limpidite  “Secchi”  des  lacs  et  avec  les  taux  de  consommation 
d’oxygene  hypolimnetique  (indice  de  Thienemann).  Les  resultats  des  etudes  de  limpidite  et  de  deficit 
en  oxygene  sont  comparables  mais  indiquent  une  plus  grande  eutrophication  que  I’indice  de 
phosphore.  Les  auteurs  discutent  les  problemes  associes  avec  chaque  indice. 


Introduction 

It  has  been  predicted  that  land  from  Halifax  to  Subenacadie  will  be  subjected  to 
intense  development  pressures  before  the  turn  of  the  century  (Anonymous  1981). 
Consequently,  in  1975  a  Federal-Provincial  water  quality  agreement  was  signed  to 
initiate  studies  of  the  watershed  of  the  Shubenacadie  River.  Several  of  the  30  resultant 
reports  discussed  headwater  lakes,  and  listed  a  variety  of  concerns  ranging  from 
sensitivity  to  nutrient  enrichment  (Hart  et  al.  1978),  to  accumulations  of  metals  in 
sediments  (Mudroch  and  Sandilands  1978). 

In  1983  several  of  the  headwater  lakes  were  re-evaluated  for  their  sensitivity  to 
watershed  disturbances.  While  the  particular  concerns  focussed  on  arsenic  and 
mercury  in  lake  sediments,  it  was  recognized  that  biogeochemical  cycles  of  these 
metals  are  intricately  linked  to  oxidation  -  reduction  phenomena  which,  in  turn,  are 
very  much  a  function  of  biological  productivity  in  lakes.  Thus,  the  present  study  was 
conducted  in  order  to  assess  the  current  trophic  status  of  seven  lakes.  The  methods  of 
assessment  incorporated  phosphorus  and  transparency  concepts  that  were  deve¬ 
loped  by  Vollenweider  and  Kerekes  (1980)  and  rates  of  consumption  of  dissolved 
oxygen,  according  to  Chapra  and  Dobson  (1981). 


Methods 

Water  was  sampled  in  lakes  Powder  Mill,  Third,  Three  Mile,  Perry,  Thomas, 
Fletcher  and  Muddy  Pond  and  in  the  connecting  streams  (Fig.  1)  four  times  during  the 
study  period  between  April  and  December  of  1983.  Samples  were  collected  at  the 
deepest  point  of  each  lake,  except  for  Perry  Lake,  where  only  shore  sampling  was 
possible.  A  two-litre  Van  Dorn  sampler  was  used  to  collect  samples  from  1  m  below 
surface,  mid-depths  of  the  water  columns  and  from  1.5  m  above  the  bottoms. 
Additional  mid-column  water  samples  were  taken  during  the  months  when  the  lakes 
were  thermally  stratified. 
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Fig  1  Headwater  lakes  of  the  Shubenacadie  River. 


Dissolved  oxygen  and  temperature  was  measured  in  the  field  on  a  YSI  oxygen 
meter  (model  no.  57).  A  20cm  Secchi  disc  with  alternating  black  and  white  quadrants 
was  used  to  measure  transparency.  Phosphorus  and  nitrogen  were  analyzed  in  water 
samples  by  the  Water  Quality  Branch,  Inland  Waters  Directorate,  in  Moncton,  N.B. 


EUTROPHICATION  INDICES  IN  N.S.  LAKES 
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Morphometric  data  on  most  study  lakes  were  acquired  from  the  Shubenacadie 
Headwaters  Environmental  Survey  (Table  14  in  IWD  1974).  Morphometric  data  for 
Three  Mile  Lake  were  obtained  from  Ogden  (1972).  The  morphometry  of  Muddy 
Pond  was  calculated  from  bathymetric  soundings  conducted  by  Nova  Scotia 
Department  of  the  Environment  (NSDOE).  Flushing  rates  for  the  study  lakes  were 
obtained  from  Ogden  (1972)  and  Johnson  (1978).  The  flushing  rate  for  Muddy  Pond 
was  calculated  using  a  runoff  coefficient  of  0.64  found  in  the  Hydrological  Atlas  of 
Canada  (CNC/IHD  1978).  Watershed  areas  of  Muddy  Pond  and  Perry  Lake  were 
calculated  from  a  1 :10,000orthophoto,  with  the  assumption  that  the  roads  within  the 
drainage  area  contained  culverts  that  would  not  impede  natural  drainage.  Stream 
flow  measurements  were  obtained  from  Water  Resources  Branch  (1984). 

Trophic  classifications  were  derived  from  probability  curves  for  phosphorus  and 
Secchi  readings  (Vollenweider  and  Kerekes  1980)  and  from  hypolimnetic  oxygen 
deficits,  using  the  Thienemann  trophic  scale  (1981). 

Mean  phosphorus  concentrations  in  the  lakes  were  calculated  by  adjusing  for 
water  volumes  in  each  depth.  In  addition  to  whole-lake  mean  values  for  phosphorus, 
theoretical  input  from  watershed  soils  were  estimated  by  rearranging  Fig.  6.11  of 
Vollenweider  and  Kerekes  (1980)  as  follows: 

-  1.22 

-  [P]x 

~  1  55  '  (1  +/Tw)  (1) 

Symbols  for  watershed  parameters  discussed  in  the  paper  follow  Vollenweider  and 
Dillon  (1974),  where  possible,  such  that: 

-  Ad  is  the  area  of  the  watershed  to  the  outlet  of  a  lake,  exclusive  of  that  lake, 
measured  in  m2. 

-  Ad;  is  the  area  of  the  immediate  watershed  surrounding  a  lake  in  m2. 

-  Adc  is  the  total  or  cumulative  drainage  area  of  a  lake,  measured  in  m2.  This  includes 
watersheds  and  lakes  upstream  of  the  lake  of  immediate  interest,  but  excludes  the 
surface  area  of  the  study  lake. 

-  qs  is  the  areal  water  loading  to  a  lake,  measured  in  m3.yr_1. 

-  Tw  is  the  residence  time  of  water  in  years. 

-  [P]  K  is  the  mean  annual  phosphorus  concentration  in  the  lake,  measured  in 
mg.m  3. 

-  Px  is  the  total  amount  of  phosphorus  in  the  lake,  measured  in  mg. 

-  [P]i  is  the  mean  phosphorus  concentration  of  inlet  waters  (mg.m  3)  according  to 
equation  1. 

-  Pi  is  the  total  annuajjnput  of  phosphorus  (mg.yr  *)  from  the  watershed  according 
to  concentration  ([ P]i)  and  volumes  of  inlet  streams. 

-  L(P)  is  the  annual  loading  of  total  phosphorus  per  unit  lake  surface  area 
(mg.m"2.yr_1). 

-  Esi  is  the  phosphorus  export  coefficient  from  soils  in  the  immediate  watershed 
area,  measured  in  mg.m  2.yr_1  of  watershed. 

-  Esc  is  the  phosphorus  export  coefficient  from  soils  in  the  cumulative  watershed 
area  (mg.m"2yrl). 
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Results 

Phosphorus  and  Nitrogen  Ratios  and  Classification  of  Lake  Trophic  Status 

Mean  annual  total  phosphorus  [P]  and  total  nitrogen  [N]  concentrations  are 
presented  in  Table  I.  Third  Lake  was  found  to  contain  the  lowest  [P]  with  3.5  mg.rrf3. 
Concentrations  ranged  up  to  18  mg.m'3  while  the  mean  value  was  7.6  mg.m'3.  Lakes 
from  several  areas  of  the  world  (OECD  lakes)  ranged  from  3.0  to  750  mg.m'3  (mean 
value  of  47.1),  while  other  Nova  Scotian  lakes  are  reported  to  range  from  2  to  20 
mg.m  with  a  mean  value  of  about  8  mg.m  3  (Vollenweider  and  Kerekes  1980; 
Kerekes  1983). 

Total  nitrogen  concentrations  (Table  I)  varied  from  100  to  190  mg.m'3  (mean  value, 
140  mg.m  3)  and  were  less  than  those  reported  for  OECD  lakes  (263  to  6095,  mean 
value,  1244  mg.m  1;  Vollenweider  and  Kerekes  1980). 

Table  I  Mean  annual  concentration  of  phosphorus  and  nitrogen  and  corresponding  trophic 
classifications. 


Lake 

Mean  annual 
Total  P  mg.m  3 

Mean  annual 

Total  N  mg.m'3 

TN 

TP 

Classification 

Third 

3.5 

140.0 

40 

Ultra-Oligotrophic 

Three  Mile 

7.0 

120.0 

17 

Oligotrophic 

Powder  Mill 

6.5 

120.0 

18 

Oligotrophic 

Perry 

4.5 

150.0 

33 

Oligotrophic 

Muddy  Pond 

18.0 

190.0 

11 

Mesotrophic 

Thomas 

8.0 

160.0 

20 

Oligotrophic 

Fletcher 

6.0 

100.0 

16 

Oligotrophic 

Ratios  of  [N]  :  [P]  were  calculated  to  investigate  if  phosphorus  was  the  probable 
limiting  nutrient.  Fricker  (1981)  reported  that  Pis  the  limiting  nutrient  when  the  ratio 
is  greater  than  17.  Table  I  indicates  that  N/P  was  slightly  less  than  17  in  Muddy  Pond 
and  lakes  Three  Mile  and  Fletcher.  This  ratio  implies  that  nitrogen  could  stimulate 
production  in  these  lakes.  However,  more  data  are  required  to  verify  this  speculation 
since  concentration  of  N  and  P  are  low  relative  to  the  working  range  of  the  OECD 
lakes. 

Phosphorus  concentrations  were  compared  with  probablity  curves  of  Vollen¬ 
weider  and  Kerekes  (1980)  in  order  to  classify  the  study  lakes.  Table  I  indicates  that 
while  most  of  the  lakes  are  oligotrophic.  Third  Lake  would  appear  to  be  ultra- 
oligotrophic,  and  Muddy  Pond  is  mesotrophic. 

Table  II  Estimation  of  phosphorus  export  from  watersheds  of  study  lakes. 


Lake 

Ad; 

m2  x  106 

Adc 

m2  x  106 

qs 

m3  x  106 

Vol 

m3  x  106 

T(w) 

year 

[P  Jx 

mg.m 

Third 

2.89 

9.81 

31.1 

5.53 

0.75 

3.5 

Three  Mile 

0.78 

11.50 

3.9 

0.324 

0.083 

7.0 

Powder  Mill 

2.93 

26.22 

48.4 

1.84 

0.038 

6.5 

Muddy  Pond 

0.29 

1.26 

1.3 

0.032 

0.025 

18.0 

Thomas 

7.04 

126.79 

109.3 

4.59 

0.042 

8.0 

Fletcher 

14.33 

142.25 

135.4 

3.79 

0.028 

6.0 
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Hart  (1979)  undertook  an  environmental  assessment  of  the  surface  waters  of  five 
lakes  (all  included  in  this  study),  in  the  vicinity  of  a  proposed  Industrial  Park  near  Third 
Lake.  His  study  provided  some  contemporary  baseline  data,  as  well  as  possible  effects 
which  the  proposed  development  could  have  on  the  surface  waters  in  the  area. 
Sampling  was  carried  out  in  the  Spring,  a  time  when  phosphorus  concentrations  have 
been  linked  to  the  rate  of  algal  growth  during  the  following  summer  (Vollenweider 
and  Kerekes  1980).  Phosphorus  concentration  in  three  of  the  five  lakes  Hart  studied 
were  similar  to  those  found  in  this  study.  Hart  concluded  that  surface  waters  in  the 
area  were  of  high  quality. 

If  sewage  systems  contributed  significantly  to  the  nutrient  budget  of  a  lake,  a 
relationship  between  phosphorus  and  nitrogen  would  be  expected  (Vallentyne 
1974).  Table  I  shows  that  a  greater  variation  exists  for  mean  annual  phosphorus 
concentrations  between  lakes  than  for  nitrogen.  Thus  it  is  concluded  that  there  is 
little  evidence  of  phosphorus  input  through  sewage  systems. 

Whole  Lake  Phosphorus  Concentrations  and  Estimates  of  Phosphorus  Loadings  from 
Watersheds 

In  order  to  determine  the  input  of  total  phosphorus  from  the  various  watersheds,  a 
phosphorus  budget  was  developed  based  on  the  mean  phosphorus  concentrations 
of  inlet  waters,  calculated  according  to  equation  1.  It  is  necessary  to  consider  phos¬ 
phorus  concentrations  of  inlet  waters  in  addition  to  the  total  lake  phosphorus 
concentrations,  as  use  of  inlet  values  allows  for  accommodation  of  phosphorus  that  is 
lost  through  sedimentation,  macrophyte  assimilation,  and  flow  through  the  lakes. 
Table  II  shows  the  calculated  export  coefficients  of  phosphorus  from  both  the 
immediate  and  cumulative  watersheds  of  the  study  lakes.  The  export  coefficients  Esi 
and  Esc  are  calculated  by  dividing  the  total  input  of  phosphorus  (Pi)  from  the 
watershed,  by  the  areas  of  the  immediate  (Adi)  and  cumulative  (Adc)  watersheds 
respectively.  The  export  coefficients  are  calculated  from  column  1, 2,  and  9  in  Table  II. 

The  phosphorus  export  coefficient  (Esi),  calculated  for  the  immediate  watershed 
area  of  the  lakes  ranged  from  40.5  mg.m^.yr"1  for  Three  Mile  Lake  watershed  to  138.2 
mg.m  2.yr_1  for  Lake  Thomas  watershed.  The  arithmetic  mean  phosphorus  export 
coefficient  was  found  to  be  84.5  mg.m  2.yr  \  Lakes  Thomas,  Powder  Mill,  and  Muddy 
Pond  show  export  coefficients  greater  than  the  calculated  mean. 

Estimates  for  the  phosphorus  export  coefficient  (Esc),  based  on  the  cumulative 
watershed  areas  of  study  lakes,  ranged  from  2.8  mg.m"2.yr 1  for  Three  Mile  Lake  to  23.7 
mg.m"2.yr 1  for  Muddy  Pond;  the  mean  being  10.7  mg.m  2.yr’\  Muddy  Pond,  Third 
and  Powder  Mill  lakes  all  showed  phosphorus  export  coefficients  greater  than  the 
mean.  Three  Mile  Lake  exports  the  least  amount  of  total  phosphorus  per  unit  area  of 
both  immediate  and  cumulative  watersheds. 


Abbreviations  explained  in  Methods. 


Pk 

mg  x  106 

[P]i 

mg.m  3 

P, 

mg  x  106 

—  per  annum  — 
L[P]  Es, 

mg.m"2  mg.m"2 

Esc 

mg.m"2 

27.1 

3.8 

155.5 

187.4 

53.8 

15.9 

2.9 

8.1 

31.6 

195.2 

40.5 

2.8 

14.4 

6.9 

334.0 

786.0 

113.9 

12.7 

0.67 

23.0 

29.9 

598.3 

103.1 

23.7 

44.1 

8.9 

972.8 

858.5 

138.2 

7.7 

26.5 

6.1 

825.9 

784.9 

57.6 

5.8 
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Total  phosphorus  loadings  (L(P))  were  also  calculated  in  order  to  compare  them 
with  the  minimum,  maximum  and  geometric  mean  values  listed  in  the  OECD  report 
(Vollenweider  and  Kerekes  1980).  Annual  loadings  (P,  in  Table  II  divided  by  lake 
surface  areas)  ranged  from  187  mg.m  2.yr  1  for  Third  Lake  to  858  mg.m^.yr'1  for  Lake 
Th  omas,  with  a  geometrical  mean  of  475  mg.m  2.yr  1  for  all  study  lakes.  The  minimum 
OECD  L(P)  value  was  17  mg.m~2.yr  *,  with  a  geometrical  mean  of  1200  mg.m^.yr’1. 
Kerekes  (1983),  using  the  OECD  phosphorus  relationships,  found  a  L(P)  value  of  133 
mg.m  2.yr_1  for  Freshwater  Lake  in  Cape  Breton. 

Estimates  of  Phosphorus  Load  to  Lakes  from  Streams 

Table  II  lists  whole-lake  phosphorus  concentrations  which  are  used  with  equation 
1  to  estimate  inlet  concentrations  and  export  coefficients.  However,  five  streams 
interconnecting  the  study  lakes  were  sampled  during  the  study  period,  and  daily 
discharge  readings  were  taken  at  four  of  them.  These  measurements  have  provided 
an  opportunity  to  compare  the  total  phosphorus  loading  from  the  cumulative 
watershed  areas  calculated  from  estimates  of  inlet  concentrations  (last  column  in 
Table  II)  to  that  of  the  whole  lake  phosphorus  measurements  (last  column  in  Table 
III). 

Based  on  the  mean  total  phosphorus  concentrations  and  average  discharges 
measured  for  the  inlet  streams  (column  1  and  2  respectively  in  Table  III),  the  annual 
total  phosphorus  loading  to  three  downstream  lakes  was  calculated.  This  calculation 
was  performed  by  multiplying  the  average  total  phosphorus  concentration  measured 
in  the  streams  by  the  average  discharge  rate.  The  result  was  an  estimate  of  the  amount 
of  phosphorus  loading  via  the  streams,  measured  in  mg  per  second  (column  3,  Table 
III),  which  was  used  to  calculate  the  total  annual  phosphorus  loading  in  mg.m  2.yr  1  of 
lake  area  (column  4  of  Table  III).  In  order  to  calculate  the  total  phosphorus  input  from 
the  immediate  upstream  watershed  area  the  immediate  upstream  watershed  area 
including  the  lake  was  divided  by  the  total  annual  loading  from  the  streams  (column 
5,  Table  III).  The  calculation  can  be  carried  further  to  ascertain  the  total  phosphorus 
loading  per  unit  of  cumulative  upstream  watershed  area  (column  6,  Table  III).  The 
lowest  annual  total  phosphorus  loading,  calculated  per  unit  immediate  watershed 
area  (Esj),  was  from  Lake  William  watershed  to  Lake  Thomas,  (15  mg.m^.yr"1).  The 

Table  III  Estimation  of  phosphorus  export  via  measured  concentrations  in  inlet  waters. 


Stream 

Mean  TP 

Average 

Transp. 

Annual  TP  loading 

cone. 

discharge 

m3.s  1 

TP; 

mg.m^.yr"1  on 

mg.m  3 

mg.s'1 

lake  from  stream 

measurements 

Power  Mill 
to  William 

8.75 

0.740 

6.47 

64.8  on  William 
(204.1  x  lO^g) 

William  to 

Thomas 

7.4 

1.99 

14.70 

409.8  on  Thomas 
(464.4  x  lO^g) 

Muddy  Pond 
to  Thomas 

15.4 

0.052 

0.80 

22.2  on  Thomas 
(25.1  x  lO^g) 

Thomas  to 

Fletcher 

5.2 

3.76 

21.1 

631.1  on  Fletcher 
(664.0  x  lO^g) 
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highest  was  94  mg.m^yr1  calculated  for  phosphorus  loading  from  Lake  Thomas 
watershed  to  Lake  Fletcher.  The  mean  phosphorus  contribution  from  the  immediate 
watersheds  of  the  four  upstream  lakes  was  66  mg.m  2.yr  \  The  total  phosphorus 
loading,  calculated  per  unit  cumulative  watershed  (Esc)  ranged  from  5.2  mg.m  2.yr’\ 
contributed  by  the  total  drainage  area  of  Lake  Thomas,  to  19.2  mg.m  2.yr_1  contrib¬ 
uted  by  the  total  drainage  area  of  Muddy  Pond.  The  mean  contribution  from 
cumulative  watersheds  was  9.6  mg.m^.yr’1. 

Comparisons  of  the  export  coefficients  per  cumulative  watershed  area  calculated 
using  whole  lake  phosphorus  concentrations  and  stream  concentration  are  listed  as 
follows.  The  export  coefficient  of  phosphorus  (Esc)  calculated  for  the  Lake  Thomas 
watershed  using  whole-lake  concentrations  was  5.8  mg.m  2.yr  1  and  5.2  mg.m~2.yr  1 
using  stream  concentrations.  For  the  Muddy  Pond  watershed,  the  Esc  calculated  from 
whole-lake  concentrations  was  23.7  mg.m~2.yf 1  and  19.2  mg.m  2.yr  1  based  on  stream 
concentrations.  Lake  William  watershed  had  Esc  of  7.7  mg.m’2.yr_1  calculated  from 
whole-lake  concentrations  and  6.1  mg.m  2.yr_1  based  on  stream  concentrations.  In 
the  case  of  Powder  Mill  Lake  watershed  the  Esc  calculated  from  whole-lake  concen¬ 
trations  was  12.7  mg.m'2.yr_1  and  7.7  mg.m^.yr1  based  on  stream  concentrations. 

Different  figures  calculated  for  Esc  using  whole-lake  concentrations  as  opposed  to 
stream  concentrations,  result  from  the  fact  that  because  of  fluctuating  stream  flows, 
they  are  more  instantaneous  and  therefore  variable  indicators  of  watershed  condi¬ 
tions.  Lakes,  however,  might  be  considered  as  integrators  of  fluctuations  over  time 
because  their  larger  volumes  tend  to  dampen  fluctuations  in  inlet  waters.  Despite 
modest  differences  between  measured  inputs  of  phosphorus  via  streams  and  esti¬ 
mates  produced  from  whole-lake  concentrations  according  to  Vollenweider  and 
Kerekes  (1980)  we  conclude  that  equation  (1)  is  applicable  to  the  watersheds  we 
examined. 

Oxygen  Content  of  Lakes 

Oxygen  concentrations  were  influenced  by  stratification  in  all  study  lakes.  This  is 
evident  from  the  isopleths  for  oxygen  saturation  (Figures  2  to  7).  Third  Lake,  Three 
Mile  Lake  and  Muddy  Pond,  showed  hypolimnetic  oxygen  deficits  of  up  to  70%  less 


TP  discharge  per  unit 
immediate  watershed  area 
(including  lake) 

Esi;  mg.m^.yr'1 

TP  discharge  per  unit 
cumulative  watershed  area 
Esc;  mg.m"2.yr_1 

P.M.  W'shed  to  Wm. 

69.66  from 

P.M.  W'shed  (2.93  km2) 

7.7 

P.M.  W'shed  +  (26.6  km2) 

Wm.  W'shed  to  Th. 

15.00  from 

Wm.  W'shed  (30.95  km2) 

6.1 

Wm.  W'shed  +  (76  km2) 

M.P.  W'shed  to  Th. 

86.55  from 

M.P.  W'shed  (.29  km2) 

19.2 

M.P.  W’shed  +  (2.3  km2) 

Th.  W'shed  to  FI. 

94.32  from 

Th.  W'shed  (7.04  km2) 

5.2 

Th.  W'shed  +  (128  km2) 
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Fig  3  Three  Mile  Lake  1983,  isopleths  for  %  oxygen  saturation  and  actual  ( — )  and 
theoretical  (— )  Secchi  readings. 


DEPTH  IN  METRES  -n  DEPTH  IN  METRES 


EUTROPHICATION  INDICES  IN  N.S.  LAKES 


21 


4  Powder  Mill  Lake  1983,  isopleths  for  %  oxygen  saturation  and  actual  ( — )  and 
theoretical  (--)  Secchi  readings. 


Fig  5  Muddy  Pond  1983,  isopleths  for  %  oxygen  saturation  and  actual  (— )  and 
theoretical  (— )  Secchi  readings. 
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Fig  6  Lake  Thomas  1983,  isopleths  for  %  oxygen  saturation  and  actual  ( — )  and 
theoretical  (— )  Secchi  readings. 
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than  saturation.  However,  all  lakes  were  above  the  threshold  of  10%  oxygen  satura¬ 
tion,  when  a  variety  of  chemical  and  biological  process  begin  to  display  adverse 
effects  (Chapra  and  Dobson  1981).  The  rapid  flushing  rate  of  Fletcher  Lake  (35  times 
per  annum)  kept  oxygen  saturation  greater  than  75%  during  the  entire  study  period. 
Lakes  Powder  Mill  and  Thomas  showed  hypolimnetic  oxygen  deficits  to  as  low  as  10% 
of  saturation  during  the  summer  months. 


Thienemann  Classification  of  Lake  Trophic  Status 

Thienemann  classification  of  lake  trophic  status  is  based  on  the  oxygen  depletion 
rates  in  the  hypolimnion,  initial  oxygen  concentrations  at  Spring  turnover  and  the 
duration  of  thermal  stratification  (Chapra  and  Dobson  1981). 

The  Thienemann  index  was  calculated  for  lakes  Powder  Mill,  Thomas,  and  Third. 
The  first  two  lakes  were  found  to  have  low  levels  of  oxygen  in  the  hypolimnion  during 
mid-summer. 

The  Thienemann  index,  TIt  can  be  expressed  as: 


TIt  =  11.1  x 


Dvts 

G 


(2) 


where  Dv  is  the  volumetric  oxygen  depletion  rate  expressed  in  mg.L"1  per  month,  ts  is 
the  duration  of  the  stratified  period  in  months,  and  G  is  the  oxygen  concentration  at 
the  onset  of  stratification  expressed  in  mg.L"1  (Chapra  and  Dobson  1981).  A  Thiene¬ 
mann  index  between  0  and  5  indicates  oligotrophy,  between  5  and  10  mesotrophy 
and  above  10  eutrophy.  The  duration  of  thermal  stratification  in  the  lakes  was 
estimated  at  five  months.  The  sampling  schedule  did  not  permit  a  more  precise 
delineation  of  autumn  turnover  in  the  study  lakes. 

According  to  Thienemann  index  both  Third  and  Powder  Mill  Lakes  are  considered 
mesotrophic,  Lake  Thomas  eutrophic  (Table  IV),  its  Thienemann  index  being  similar 
to  that  calculated  for  Central  Erie  (Chapra  and  Dobson  1981).  The  classification  of  the 
study  lakes  by  the  Thienemann  index  placed  the  lakes  in  a  higher  trophic  status  than 
the  OECD  phosphorus  classification.  This  difference  could  be  generated  by  the 
over-estimation  of  the  stratification  period  for  the  study  lakes,  although  basin  mor¬ 
phometry  also  influences  oxygen  depletion  rates  (Hutchinson  1957). 


Table  IV  Nova  Scotian  and  Great  Lakes  data  relevant  to  oxygen  depletion  along  with  calculated 
values  of  the  Thienemann  index. 


Lake 
or  basin 

Thickness 

of 

Hypolinnion 

(m) 

Volumetric 
oxygen 
depletion  rate 
(mg.L1. mo"1) 

Initial 

oxygen 

con. 
(mg.L  ') 

Duration* 

of 

stratification 

(mo) 

Thienemann** 

index, 

TIt 

Third 

15 

1.3 

12 

5* 

6.0 

Powder  Mill 

5 

1.46 

11 

5* 

7.4 

Thomas 

5 

2.6 

11* 

5* 

13.1 

Superior 

134 

0.14 

13 

3.5 

0.4 

Huron 

50 

0.24 

13 

4.0 

0.8 

Central  Erie 

3.9 

3.2 

11 

4.0 

12.9 

Eastern  Erie 

14.7 

1.73 

12 

4.5 

7.2 

Ontario 

71 

0.33 

13 

4.5 

1.3 

*  Estimated 

**0-5  oligotrophic,  5-10  mesotrophic,  10+  eutrophic 
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Trophic  Classification  by  Lake  Transparency 

Actual  and  theoretical  Secchi  depth  are  presented  in  Fig.  2,  3,  4,  6,  and  7.  The 
theoretical  Secchi  depth  was  obtained  by  transposing  point  locations  on  phosphorus 
probability  curves  to  Secchi  probability  curves  (Vollenweider  and  Kerekes  1980). 
Theoretical  Secchi  depths  were  then  interpolated  from  the  abcissal  axis  on  the  Secchi 
curve.  Mean  annual  Secchi  depths  were  calculated  from  the  four  readings  taken  at 
each  lake  during  the  study  period,  except  for  Lakes  Powder  Mill  and  Thomas  where 
only  three  readings  were  taken.  The  average  was  then  used  to  classify  each  lake  based 
on  Secchi  disc  transparency. 

The  average  Secchi  depth  for  study  lakes  was  5  m,  which  was  greater  than  the  3  m 
average  found  for  a  study  of  288  lakes  in  the  province  (Underwood  unpublished 
data).  However,  the  actual  Secchi  depths  were  always  lower  than  the  theoretical 
value,  and  based  on  Secchi  disc  transparency,  all  study  lakes  were  classified 
mesotrophic. 

Table  V  Comparison  of  trophic  classifications  based  on  phosphorus,  secchi  and  oxygen. 


Lake  Name 

Trophic 
classification 
based  on 
phosphorus 

Trophic 
classification 
based  on  Secchi 

Trophic  classification 
based  on  Thienemann's 
oxygen  index 

Third  Lake 

Ultra-oligotrophic 

Mesotrophic 

Mesotrophic 

Three  Mile 

Oligotrophic 

Mesotrophic 

Powder  Mill 

Oligotrophic 

Mesotrophic 

Mesotrophic 

Perry 

Oligotrophic 

Muddy  Pond 

Mesotrophic 

Thomas 

Oligotrophic 

Mesotrophic 

Eutrophic 

Fletcher 

Oligotrophic 

Mesotrophic 

Discussion 

Comparison  of  Trophic  Indices  Used 

The  trophic  states  of  the  studied  lakes  were  determined  by  three  techniques:  mean 
annual  phosphorus  concentrations;  Secchi  disc  transparencies;  and  hypolimnetic 
oxygen  depletion  rates.  The  results  of  the  comparison  are  shown  in  Table  V.  Classifi¬ 
cations  of  trophic  states  of  the  lakes  based  on  Secchi  disc  transparency  and  oxygen 
depletion  are  similar  but  result  in  higher  estimates  of  eutrophy  than  classifications 
based  on  phosphorus  concentrations. 

Phosphorus  concentrations  have  been  widely  used  to  estimate  the  degree  of 
eutrophication  experienced  in  a  water  body,  but  are  complex  and  expensive  com¬ 
pared  to  the  other  limnological  measurements  used  in  this  study.  One  drawback  of 
the  phosphorus  probability  index  is  that  it  does  not  fully  accommodate  differences  in 
sizes  of  hypolimnions,  and  consequent  relative  demands  on  available  oxygen  supp¬ 
lies  in  deeper  waters.  This  could  influence  both  the  availability  of  cool  mid-summer 
refugia  for  poikilotherms,  and  recycling  of  toxic  metals  from  sediments. 

Measurement  of  Secchi  disc  transparency  in  order  to  ascertain  trophic  conditions, 
although  not  as  sound  as  the  phosphorus  method,  produced  results  that  were 
comparable  to  the  calculated  Thienemann  index.  This  method  is  not  only  simple  but 
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inexpensive,  requiring  only  the  use  of  a  boat  and  a  Secchi  disc.  Since  the  average 
Secchi  disc  reading  is  used  to  assign  a  trophic  status,  frequent  readings  are  necessary 
during  the  study  period.  Factors  that  affect  turbidity  other  than  plankton  growth, 
such  as  suspended  material  due  to  siltation  from  high  runoff,  would  alter  the  findings. 
Highly  colored  water  would  also  impair  reliability  of  the  Secchi  index. 

Determination  of  hypolimnetic  oxygen  depletion  rates,  provides  another  method 
of  trophic  classification,  while  remaining  relatively  simple  and  inexpensive.  Delinea¬ 
tion  of  the  stratification  period  plays  a  very  important  role  in  arriving  at  the  proper 
index,  and  it  is  necessary  to  take  oxygen  measurements  with  almost  the  same 
frequency  as  samples  for  phosphate  analysis.  For  example,  if  a  stratification  period  of 
3  months  isassumed  for  Third  Lake, the  resultantThienemann  index  is  3.6  which  is  the 
oligotrophic  range.  A  further  note  of  caution  is  that  oxygen  depletion  can  be 
misleading  if  the  water  color  is  greater  than  about  10.  Humic  substances  contribute  to 
oxygen  depletion  in  the  hypolimnion,  which  can  be  incorrectly  interpreted  as 
oxygen  depletion  resulting  from  organic  matter  produced  within  the  lake  (Kerekes 
1974).  Color  was  low  in  Third,  and  Thomas  lakes,  but  exceeded  35  in  Muddy  Pond. 

Another  important  consideration  in  using  the  Thienemann  index  is  lake  morphol¬ 
ogy,  as  this  controls  the  ratio  of  the  volume  of  the  epilimnion  to  the  hypolimnion.  The 
bottom  waters  of  a  deep  stratified  lake  would  therefore  have  a  greater  supply  of 
oxygen  than  those  of  a  shallower  stratified  lake  (Hutchinson  1957). 

As  we  had  no  chlorophyll  data  for  comparison,  it  is  inappropriate  to  recommend 
one  of  the  three  indices  as  best  choice.  But  even  if  that  measure  of  production  of 
autochthonous  carbon  were  available  it  fails  to  account  for  oxygen  stress  resulting 
from  inputs  of  allochthonous  carbon.  Perhaps  the  most  satisfactory  application  of 
indices  would  be  to  develop  a  method  of  averaging  them  in  order  to  produce  a  type 
of  composite  index  (cf.  Carlson  1977).  The  use  of  a  single  index  could  result  in 
misinterpretation  of  water  quality  in  our  local  lakes. 
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The  literature  describing  the  occurrence,  some  aspects  of  the  physiology  and  toxicology  of  the 
metabolic  products  of  Hypocrea,  Gliocladium  and  Trichoderma  spp.  is  reviewed.  A  list  of  known 
metabolites  of  this  group  of  fungi  has  been  assembled  and  the  common  physical  properties  of  these 
compounds  are  given  when  they  have  been  reported.  Such  data  as  have  been  published  on  the 
toxicity  of  these  metabolites  is  summarised,  with  particular  emphasis  on  suitable  review  articles.  An 
attempt  is  made  to  provide  a  comprehensive  list  of  agents,  known  as  potential  inhibitors  of  the  growth 
of  these  fungi. 

La  litterature  decrivant  quelques  aspects  de  la  physiologie  et  de  la  toxicologie  des  metabolites 
d'Hypocrea,  Gliocladium  et  Trichoderma  spp.  est  passee  en  revue.  Une  liste  des  metabolites  connus 
de  ce  groupe  de  moisissures  est  dressee  et  les  proprietes  physiques  courantes  sont  donnees  si 
connues.  Les  informations  publiees  concernant  la  toxicite  de  ces  metabolites  sont  resumees  avec 
reference  aux  articles  de  revue  appropriees.  L’auteur  tente  de  donner  une  liste  comprehensive  des 
agents  potentiellement  inhibiteurs  de  la  croissance  de  ces  moisissures. 


Introduction 

The  taxonomy  of  the  three  genera,  Hypocrea,  Gliocladium,  and  Trichoderma  is  in 
some  respects  confused.  Authoritative  studies  of  these  taxonomic  problems  may  be 
found  in  Gams  (1971),  Webster  and  Lomas  (1964)  and  Rifai  (1969),  but  there  are  many 
examples  in  the  literature  that  report  difficult  classification  problems  (e.g.  Brian  1944, 
Brewer  and  Taylor  1981).  For  the  purpose  of  this  review,  therefore,  the  position  is 
taken  that  the  three  genera  are  very  closely  related  and  that  serious  lacunae  would 
appear  should  one  or  other  be  excluded.  There  is  also  some  debate  concerning  the 
classification  of  the  fungus  that  produces  cyclosporins;  it  was  originally  thought  to  be 
Trichoderma  polysporum  but  later  work  has  used  the  name  Tolypocladium  inflatum 
(Gams  1971b).  For  the  purpose  of  the  review  it  is  assumed  that  the  taxonomy  remains 
uncertain. 

The  first  part  of  the  review  is  devoted  to  the  substrates  on  which  the  organisms  are 
found,  with  emphasis  on  the  more  unusual  of  these;  the  second  part  attempts  to  give 
a  comprehensive  account  of  the  very  wide  variety  of  known  metabolites  and  the  third 
part  describes  what  is  known  of  their  toxicities.  These  fungi  are  heavily  involved  in  the 
natural  degradation  of  organic  substrates  and  hence  a  very  large  body  of  work  has 
been  done  in  attempts  to  protect  e.g.  wood  from  their  activities.  The  fourth  part  of 
the  review  is  therefore  devoted  to  a  description  of  the  agents  that  have  been  used  to 
this  end  and  to  their  effectiveness. 

The  literature  has  been  thoroughly  searched  up  to  and  including  December  1984, 
but  additional  references  from  1985  will  be  found  where  these  have  come  to  my 
attention  during  that  year.  I  have  not  read  all  the  papers  cited  in  this  review;  articles 
that  I  have  not  read  can  be  distinguished  by  a  reference  to  Chemical  Abstracts. 
NRCC  No.  26328 
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Natural  and  unusual  habitats  of  fungi  of  the  genera  Hypocrea,  Gliocladium  and 
Trichoderma 

Hypocrea  spp.  are  usually  found  on  decaying  wood  but  it  has  been  known  for 
more  than  100  years  that  frequently  they  are  parasites  on  other  fungi  (see  e.g. 
Saccardo  1883,  Tabata  and  Kondo  1977).  By  contrast  the  genera  Gliocladium  and 
Trichoderma  are  found  very  frequently  in  the  soils  of  the  planet.  There  have  been  a 
number  of  extensive  studies  of  the  soil  ecology  of  these  organisms.  For  example, 
Berestetskii,  Patyka  and  Nadkernichuyi  (1977)  studied  more  than  700  isolates  of 
Trichoderma  from  soils  and  Brewer  and  Taylor  (1980)  found  that  Gliocladium  roseum, 
Trichoderma  koningii  and  Trichoderma  hamatum  accounted  for  about  6%  of  some 
25,000  fungal  isolates  collected  over  a  10  year  period  from  pasture  soil  at  Nappan, 
Nova  Scotia.  Many  of  the  species  of  the  three  genera  are  capable  of  the  hydrolysis  of 
plant  polysaccharides,  especially  cellulose,  and  a  very  large  number  of  studies  of  this 
process  both  at  the  cellular  and  enzymic  levels  has  been  recorded  in  the  literature. 
The  impetus  behind  this  work  is  the  conversion  of  plant  waste  e.g.  coffee  grounds 
(Aguirre  et  al.  1976)  into  digestible  components  e.g.  fructose  in  the  diet  of  humans 
and  domestic  animals.  This  topic  has  been  reviewed  on  many  occasions  and  is  not 
repeated  here;  the  interested  reader  should  consult  for  example  Ryu  and  Mandels 
(1980). 

The  substrates  on  which  these  fungi  have  been  observed  to  grow  are  given  in  Table 
I.  It  is  clear  from  the  data  in  the  Table  that  these  organisms  can  grow  on  a  diverse 
range  of  substrates  from  stainless  steel  (Brown  and  Pabst  1977),  presumably  with  a 
carbon  content  to  bitumen  used  for  road  construction  (Khimerik  and  Koval  1977). 
However  a  ubiquitous  substrate  for  most  of  these  fungi  is  wood  and  the  various 
products  manufactured  from  it  (Merrill  et  al.  1965).  Viable  Trichoderma  spp.  have 
been  found  in  thin  cross-sections  of  timber  (Dinulescu  1979)  and  this  is  perhaps  not 
surprising  because  of  the  growing  appreciation  of  the  importance  of  endophytic 
fungi  in  higher  plants  (Claydon  et  al.  1985).  The  economic  losses  resulting  from  fungal 
degradation  of  timber  and  associated  products  has  led  to  considerable  effort  to 
control  their  growth  on  this  substrate.  This  aspect  is  discussed  in  greater  detail  in  a 
later  part  of  the  review,  but  it  is  relevant  to  mention  at  this  point  that  alkali  treatment 
of  wood  chips  before  storage  (Bergman  and  Nilsson  1971)  was  not  particularly 
effective  and  that  fumigation  with  formaldehyde  resulted  in  the  discovery  that  this 
agent  (and  other  C,  compounds)  were  utilised  by  Gliocladium  deliquescens  with 
alacrity  (Sakaguchi  et  al.  1976).  It  is  known  (Moelhave  1977)  that  the  formaldehyde 
concentration  in  aggregated  wood  products  cemented  with  urea-formaldehyde 
resins  is  proportional  to  the  humidity;  that  Trichoderma  spp.  grown  on  such  resins 
(von  Kerner-gang  and  Hoffmann  1982)  and  hence  it  may  be  concluded  that  these 
fungi  are  natural  components  of  all  materials  containing  products  derived  from 
wood.  Laboratory  studies  (Gauze  et  al.  1983,  Brewer  et  al.  1982,  Sierota  1977)  have 
shown  that  these  fungi  grow  well  on  very  simple  media  containing  only  one  of  a  wide 
range  of  carbohydrate  sources,  and  simple  nitrogen  containing  compounds  e.g.  urea 
(Nelson  1972,  1976).  It  follows  that  these  organisms  will  grow  rapidly  on  almost  any 
natural  substrate  providing  that  both  the  temperature  and  humidity  conditions  are 
suitable.  Little  is  known  of  the  range  of  humidities  conducive  to  growth  (but  see 
Widden  and  Abitol  1980);  much  more  is  known  about  the  temperature  range 
(Brewer  and  Taylor  1980)  which  is  relatively  wide  (5-35°). 

Metabolites  of  fungi  of  the  genera  Hypocrea ,  Gliocladium  and  Trichoderma 

For  the  purpose  of  this  review,  the  metabolic  products  of  these  fungi  are  separated 
into  groups;  the  grouping  is  based  on  the  chemistry  of  the  metabolites  and  particu¬ 
larly  on  their  probable  mode  of  biosynthesis.  The  appearance  of  a  compound  (or  a 
mixture  of  very  closely  related  compounds)  in  one  of  the  Tables  implies  that  there 
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Table  I  Substrates  supporting  growth  of  Hypocrea  spp.  Gliocladium  spp.  or  Trichoderma  spp. 


Organism 

Substrate 

Reference 

Hypocrea  nigricans 

Lentinus  edodes 

Tabata  &  Kondo  (1977) 

Cellulose 

Doi  et  a/.,  (1972) 

Hypocrea  peltata 

Cellulose 

Doi  etal.,  (1972) 

Hypocrea  schweinitzii 

Lentinus  edodes 

Tabata  &  Kondo  (1977) 

Gliocladium  sp. 

Groundnut 

Madaan  &  Chohan  (1978) 

Epichlorhydrin  cross-linked 

Dao  Cong  Dan  et  al.,  (1980) 

Gliocladium  varians 

cellulose 

Rhizospheres  of  barley  &  oats 

Sukhorukova  (1972) 

Trichoderma  spp. 

Barley  /3-glucan 

Igaue  (1966) 

Cork 

Cook  &  Harrington  (1948) 

Lentinus  edodes 

Tabata  &  Kondo  (1977) 

Rhizoctonia  spp. 

Allen  &  Haenseler  (1935) 

Phythium  spp. 

Haenseler  &  Allen  (1934) 

Petroleum  waxes 

Bilai  et  al.,  (1965) 

Motor  oil  recovered  from 

Colwell  et  al.,  (1974) 

Chesapeake  Bay 

Road  building  bitumen 

Khimerik  and  Koval  (1977) 

Polyvinyl  chloride/dibutyl 

Berk  (1951) 

sebaccite/dioctyl  phthalate 

Polyvinyl  chloride 

Yamano  (1979) 

Polyvinyl  alcohol  based  polymer 

Shteinberg  et  al.,  (1983) 

Acetylated  cellulose 

Abramova  et  al.,  (1973) 

Ethylene/vinyl  acetate  copolymers 

Griffin  and  Mivetchi  (1977) 

Paint 

Kleus  and  Lang  (1956) 

Organosilicon  protective  coatings 

Pashenko  et  al.,  (1978) 

Chromed  leather  (N.  American) 

Mitzutani  et  al.,  (1980) 

Wood  shavings  impregnated  with 

Nelson  (1972) 

urea 

Silicate  rocks  and  soil 

Henderson  and  Duff  (1963) 

Stainless  steel  and  aluminum  alloys 

Brown  &  Pabst  (1977) 

Domestic  humidifiers 

Burge  et  al.,  (1980) 

Trichoderma  hamatum 

Diesel  fuel 

Suess  &  Netzsch-Lehner  (1969) 

Trichoderma 

Lentinus  edodes 

Tabata  &  Kondo  (1977) 

harzianum 

Ferric  hydroxide  mud  impregnated 

Gudin  and  Chater  (1977) 

Trichoderma  koningii 

with  oil 

Wood  pulp 

Wakazawa  et  al.,  (1965) 

Trichoderma  lignorum 

Rhizoctonia  solani 

Weindling  (1932) 

Phytophthora  parasitica 

Daines  (1937) 

Weindling  (1932) 

Trichoderma  lignorum 

Sclerotium  rolfsii 

Weindling  (1932) 

Pythium  sp. 

Weindling  (1932) 

Rhizopus  spp. 

Weindling  (1932) 

Actinomyces  scabies 

Daines  (1937) 

Wood  resin 

Nilsson  and  Assarsson  (1970) 

Diglycidyl-hydroquinone  ether 

Anisimov  et  al.,  (1977) 

Trichoderma  viride 

polymers 

Wood 

Stranks  (1971) 

Wood 

Verrall  (1949) 

Chitin 

Kawasaki  and  Ito  (1966) 

Rye-grass  straw 

Han  and  Anderson  (1975) 

Synthetic  rubbers  and  polyethylene 

Mazur  (1979) 

Vanillin 

Moreau  and  Augier  (1962) 

All yl  alcohol 

Jackson  (1973) 
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exists  in  the  literature,  data  from  the  measurement  of  physical  properties  that  allow 
competent  chemists  to  judge  if  natural  products  they  isolate  are  identical  or  not.  A 
few  other  materials  that  have  been  reported  in  Abstracts  in  papers  I  have  been  unable 
to  read  are  reported  in  the  text.  In  addition,  such  simple  volatile  metabolites  -  ethyl 
alcohol,  ethyl  acetate,  sec-butyl  alcohol,  isoamyl  alcohol,  octanol,  octa-3-one,  oct-1- 
ene-3-ol  (Saito  et  al.  1981)  and  acetaldehyde  (Dennis  and  Webster  1971)  have  not 
been  included  in  the  Tables.  The  biological  significance  of  the  production  of  volatile 
metabolites  by  these  fungi  have  interested  mycologists  for  many  years  (Bilai  1956, 
Hutchinson  and  Cowan  1972,  Tamimi  and  Hutchinson  1975).  This  has  been  particu¬ 
larly  the  case  because  of  the  part  that  may  be  played  by  such  metabolites  in  the  sexual 
reproductive  cycle  of  many  Phytophthora  spp.  (Reeves  and  Jackson  1972,  Pratt  et  al. 
1972);  species  responsible  for  diseases  in  some  of  the  world’s  most  important  agricul¬ 
tural  crops.  However  a  systematic  examination  of  a  large  number  of  isolates  for 
volatile  metabolites  has  not  been  recorded.  Reference  to  the  melting  points  given  in 
the  Tables  shows  that  many  metabolites  have  melting  points  below  150°  -  all  such 
compounds  can  be  considered  to  have  measurable  vapour  pressures. 

Polyketide  metabolites  produced  by  Hypocrea,  Gliocladium  and  Trichoderma 

A  list  of  these  compounds  is  given  in  Table  II.  Apart  from  the  bis-anthraquinone 
(XXXIII)  most  of  these  compounds  were  studied  in  the  era  1950-1965  i.e.  before  the 
advent  of  high  pressure  liquid  chromatography.  It  is  likely  that  there  are  many  more 
variations  in  the  resorchinol  (Pettersson  1965)  and  hydroquinone  (Brian  et  al.  1951, 
Vischer  1953)  components  than  those  recorded  in  the  Table.  The  benzoquinones, 


and  anthraquinones  are  easily  reduced  to  the  leuco  forms  and  strong  evidence  has 
been  presented  (Pettersson  1965)  that  these  are  the  true  natural  products  -  the  more 
volatile  quinones  being  artefacts  of  the  isolation  procedure.  Such  compounds  are,  of 
course,  vat-dye  stuffs,  or  in  other  words  they  form  stable  complexes  with  natural 
carbohydrate  polymers.  Most  of  these  compounds  are  biosynthesised,  often  in  high 
yield,  from  acetate  by  a  polyketide  route  and  are  formed  after  the  end  of  the  so-called 
logarithmic  phase  of  growth,  usually  when  all  source  of  nitrogen  has  been  exhausted 
(Pettersson  1965,  Gatenbeck  1958).  The  diphenyl  ether  metabolites  (XXXI)  isolated 


Table  II  Polyketide  metabolites  of  Hypocrea  spp.,  Gliocladium  spp.  and  Trichoderma  spp. 
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from  Hypocrea  citrina  (Nair  and  Carey  1979)  are  derived  from  orcinol  (II,  R=R'=H, 
Yamamoto  et  al.  1972)  and  the  acid  (XXXI,  R=C02H)  has  also  been  isolated  from 
Aspergillus  fumigatus. 


OH  OH  0 


XXX  ITT 


X 
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Oligomers  of  mevalonic  acid  produced  by  Gliocladium  spp.,  Hypocrea  spp.,  and 
Trichoderma  spp. 

A  list  of  these  com  pounds  is  given  in  Table  III.  Most  ofthecompoundsintheTable 
are  low-melting  solids.  The  structures  of  all,  with  perhaps  the  exceptions  of  avellaneol 
and  trichodermene  A  have  been  rigorously  established,  though  the  absolute  config¬ 
uration  of  T2-toxin  and  its  congeners  has  not  yet  been  determined.  There  have  been 
extensive  studies  on  the  biosynthesis  of  trichodermin  (IX,  R=R"'=H,  R'=Me,  R"=OAc; 
Achilladelis  etal.  1972)  and  heptelidic  acid  (VI,  Stipanovic  and  Howell  1983).  Both  arise 
from  farnesyl  pyrophosphate,  folded  in  the  same  way,  but  the  carbonium  ion 
generated  by  the  leaving  pyrophosphate  group  cyclises  in  the  former  case  (Arigioni 
et  a/.  1973)  as  shown  in  XXVII  and  in  the  latter  case  as  shown  in  XXVIII.  In  both  cases 


the  following  reaction  is  a  hydride  shift  nominally  over  4  carbon  atoms  in  the 
trichothecin  and  3  in  the  example  of  heptelidic  acid.  There  is  ample  precedent  for  the 
subsequent  rearrangements.  It  has  been  suggested  (Itoh  et  al.  1982)  that  gliocladic 
acid  (V)  is  biodegradatively  derived  from  heptelidic  acid  by  decarboxylation  as  shown 
in  XXIX.  Cyclonerodiol  (VII)  and  its  congeners  are  also  known  to  be  sesquiterpenoid 
(Pitel  et  al.  1971)  cyclisation  products  of  farnesyl  pyrophosphate. 

A  number  of  C20  and  higher  oligomers  of  mevalonic  acid  are  given  in  Table  III  of 
which  viridin  (X)  and  its  derivatives  are  perhaps  the  most  interesting.  These  com¬ 
pounds  are  not  diterpenes  but  are  biodegradation  products  of  steroid  intermediates 
(Blight  et  al.  1968)  e.g.  lanosterol  (Golder  and  Watson  1980),  and  squalene  (Hanson 
and  Wadsworth  1979).  Some  work  has  been  done  on  the  biosynthesis  of  avellaneol 
(III,  Nair  et  al.  1982)  who  have  shown  that  *CH3C02  and  CH3*C02  are  recovered  in 
about  2%  yield  in  avellaneol  but  that  *CH3*C02  is  not  incorporated  intact.  It  is 
therefore  possible  that  the  biosynthesis  of  this  metabolite  (III)  is  not  terpenoid  but  is 
analogous  to  that  of  the  isocyanides  discussed  in  the  next  section. 

Metabolites  derived  from  a-amino  acids  by  degradation  or  elaboration 

A  list  of  these  compounds  is  given  in  Table  IV.  About  eight  cyclopentyl  isocyanides 
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that  have  been  fully  characterised,  are  now  known.  Their  structures  are  given  in 
formulae  XI  to  XVIII  -  the  latter  is  only  known  as  its  methyl  ester,  which  is  not  a  natural 
product  (Baldwin  et  a/.  1985).  There  are,  however,  many  more  such  compounds  in 
fermentation  broths  of  T.  hamatum ,  T.  koningii ,  T.  harzianum  and  T.  polysporum  and 
it  is  likely  that  many  of  these  will  be  characterised  now  that  it  is  possible  to  obtain 
stable  co-ordination  complexes  of  them  with  rhodium  pentamethylcyclopentadiene 


isothiocyanate  (Hanson  et  a/.  1985).  The  known  compounds  vary  in  instability  from 
trichoviridin  (XIV)  -  a  stable  crystalline  solid  to  3-(3'-isocyancyclopent-2-enylidene-) 
propionic  acid  (XVI),  which  has  a  half-life  in  dilute  aqueous  solution  of  pH  8  of  about  4 
h.  All  of  these  compounds  are  volatile  and  an  early  method  of  recovery  was  by  steam 


CHMe2 
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HCONHCHCOOCHoCHNHCOH 

I 

CHMe2 


HX 


Prx 

^CH(CH2bCH(C  =  C),CH 
Me'  5  I  3 

CHMe2 


distillation  at  about  35°/1  mm.  These  isocyanides  are  biodegradation  products  of 
tyrosine  (Baldwin  et  a/.  1985,  Parry  and  Hanh  Phuoc  Buu  1982)  and  are  formed  by 
oxidation  of  the  aromatic  ring  at  the  phenolic  group,  decarboxylation,  and  cyclisation 
of  the  side-chain  of  the  amino  acid  to  provide  the  cyclopentenyl  moiety.  This  process 
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is  summarised  in  scheme  1  and  is  biosynthetically  unique.  One  particularly  interesting 
feature  of  the  biosynthesis  of  XVI  is  the  possibility  that  the  exocyclic  double  bond  is 
isomerised  during  biosynthesis  to  the  thermodynamically  less  stable  configuration. 

Scheme  1 


1981),  XVI  (Baldwin  et  al.  1984)  XVII  and  XVIII  (Baldwin  et  al.  1985),  the  first  of  these 
being  particularly  elegant  (scheme  2). 


Scheme  2 


Gliotoxin  (XXI)  was  one  of  the  first  fungal  metabolites  discovered  to  have  antibiotic 
action  (Weindling  1934;  Bell  etal.  1958)  and  was  the  first  compound  demonstrated  to 
have  the  interesting  disulphide  bridge  across  a  dioxopiperazine  ring  (Lowe  et  al. 
1966).  Interest  in  the  chemistry  of  this  compound  has  revived  recently  since  it  has 
been  shown  that  it  inhibits  the  immune  system  of  mammals  at  50  ng  ml  1  and 
organisms  capable  of  producing  it  have  been  isolated  from  the  circulatory  fluids  of 
patients  with  the  so-called  autoimmune  deficiency  syndrome  (Mullbacher  and 
Eichner  1984).  Among  related  compounds  is  gliovirin  (XXV)  where  the  sulphur  bridge 
spans  5  atoms,  probably  a  more  stable  configuration,  analogous  to  the  anisyl  thioace- 
tal  derivatives  used  so  successfully  by  Kishi  in  his  synthesis  of  gliotoxin  (Kishi  et  al. 
1972).  Its  only  known  analogue  as  a  natural  product  is  sporidesmin  C  (Hodges  and 
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Shannon  1966).  The  biosynthesis  of  these  sulphur  compounds  has  been  exhaustively 
examined  and  has  been  reviewed  on  numerous  occasions  (see  e.g.  Leigh  and  Taylor 
1976). 

Polypeptide  metabolites  other  than  proteins,  of  Gliocladium  spp.,  Hypocrea  spp. 
and  Trichoderma  spp. 

The  peptide  metabolites  of  these  fungi  can  be  divided  into  two  groups  -  those 
produced  by  Trichoderma  polysporum  i.e.  XXXIV  and  XXXVI,  and  all  of  the  others. 
This  may  be  a  chemotaxonomic  basis  for  the  reclassification  of  T.  polysporum  as 
Tolypocladium  inflatum  (Traber  et  al.  1982).  The  structure  of  the  cyclosporins  is  based 
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on  x-ray  crystallography  of  the  iodo  derivative  XXXV  in  which  the  3-hydroxyl  group  of 
the  unsaturated  4-methylcaprylic  acid  side-chain  and  iodine  have  added  to  the 
double  bond  (Petcher  etal.  1976).  This  same  hydroxyl  group  participates  in  a  rearran¬ 
gement  involving  the  2-methylamino  group  of  this  C9  amino  acid  whereby  a  depsi- 
peptide  is  produced;  the  lactone  being  generated  with  the  proximal  valyl  residue.  No 
details  of  the  toxicity  of  such  depsipeptides  have  been  revealed.  A  synthesis  of 
cyclosporin  A  (XXXIV,  R1-=OH,  R2=Et,  R3=R4=Me)  and  its  enantiomer  cyclosporin  H 
has  been  reported  (Wenger  1984). 
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Abbreviations:  Aib  =  2-metk'lalanine;  Iva  =  2-ethylalanine;  P  =  XXXVII,  R=CH2C6H5;  L  -  XXXVII,  R-CH2CHMe2;  V  -  XXXVII,  R  -  CHMe2;  T  -  XXXVIII;  O  - 
residue  missing;  -  =unkno^  Ac  =  CH3CO-.  All  other  a  mi  no  acid  abbreviations  are  standard.  A  blank  indicates  the  a  mi  no  acid  cited  at  the  top  of  the  column. 
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By  contrast,  the  structures  of  the  remaining  metabolites  summarised  in  Tables  V 
and  VI  are  less  secure.  All  of  the  compounds  given  in  the  Tables  are  in  fact  complex 
mixtures  analogous  to  the  cyclosporins  (Brewer  et  al.  1979,  Shaw  and  Taylor  1986).  In 
the  case  of  alamethicin,  x-ray  crystallography  of  the  mixture  of  metabolites  (Fox  and 
Richards  1982)  has  provided  impressive  support  of  the  structure  proposed  by  Pandey 
et  al.  1977)  based  on  degradative  chemistry  and  mass  spectroscopy.  The  data  given  in 
Table  VI  reveals  that  about  10  i.e.  half  of  the  positions  in  the  chain  are  invariate  and 
only  at  position  10aretheremorethan2or3  variations.  Such  variations  are  common 
in  other  congeneric  peptide  metabolites  (Taylor  1970)  especially  if  the  known  rela¬ 
tionship  of  valine  with  2-methylalanine  (Ooka  and  Takeda  1974)  is  taken  into  account. 
There  have  been  4  totally  independent  attempts  to  synthesise  the  proposed  alame¬ 
thicin  sequence  (Nagaraj  and  Balaram  1981a,  Gisin  et  al.  1981,  Balasubramanian  et  al. 
1981,  Schmitt  and  jung  1985).  The  results  of  this  prodigious  effort  have  been  summa¬ 
rised  by  the  latter  authors,  whose  synthesis  uniquely  considered  the  stereochemical 
complexities  of  the  procedure.  All  four  products  had  different  physical  properties, 
only  two  were  reported  to  have  biological  activity  -  if  the  detergent  properties  of  all 
such  lipophilic  peptides  are  not  considered.  It  must  be  emphasised  that  these 
discrepancies  indicate  non-trivial  chemical  problems  associated  with  the  determina¬ 
tion  of  purity  and  hence  identity  of  such  large  molecules.  The  composition  and 
proportions  of  peptide  metabolites  is  greatly  influenced  by  the  fermentation  condi¬ 
tions  (Brewer  et  al.  1979)  and  it  is  therefore  possible  that  many  of  the  assemblies  of 
congeners  given  in  Tables  V  and  VI  contain  identical  components.  However,  a  test  of 
this  supposition  will  require  much  better  methods  of  separation  than  those  currently 
available. 

A  number  of  other  peptide  metabolites  of  this  group  of  fungi  have  been  reported 
but  at  present  have  not  been  characterised  to  the  same  extent  as  those  in  Table  V. 
These  include  antibiotic  1037  ([«]d-8°,  Ooka  1977)  produced  by  T.  viride  and  a 
phytotoxic  substance  11313  (m.  p.  330-1°)  produced  by  Cliocladium  zaleskii  (Nazar¬ 
ova  and  Zakharova  1982). 

Biosynthetic  studies  have  been  made  in  the  cases  of  alamethicin  and  suzukacillin. 
Good  evidence  that  the  biosynthesis  was  not  ribosomal,  but  analogous  to  that  of 
valinomycin  or  gramicidin  A  was  obtained  by  Reusser  (1966),  and  much  later  by 
Kleinkauf  and  Rindfleisch  (1975).  It  has  been  proposed  that  the  biosynthesis  starts  at 
the  N-acetyl  2-methylalanyl  N-terminal  moiety  and  thence  proceeds  stepwise  by 
addition  of  amino  acid  residues  as  activated  thio  esters  (Mohr  and  Kleinkauf  1978). 
The  mechanism  of  chain  termination  with  a  /3-amino  alcohol  is  unknown  but  the 
latter  authors  have  provided  some  information  about  the  generation  of  this  C- 
terminal  residue. 

Toxicity  of  metabolites  of  Gliocladium  spp.,  Hypocrea  spp.,  and  Trichoderma  spp. 

No  attempt  is  made  in  this  section  to  give  a  complete  account  of  all  the  toxicologi¬ 
cal  studies  to  be  found  in  the  literature  on  the  compounds  described  in  Tables  ll-V. 
Table  VII  isan  attemptto  reduce  this  literature,  drastically,  so  that  comparisonscan  be 
made.  In  general  organisms  have  been  selected  to  appear  in  Table  VII  because  they 
are  commonly  used  in  toxicological  studies,  and  to  some  extent  comparisons  are 
permissable.  However,  many  toxicological  phenomena  cannot  be  conveniently  tabu¬ 
lated  and  these  matters  are  presented  in  the  following  text  where  each  group  of 
metabolites  (as  in  Tables  ll-V)  is  discussed  in  turn.  Problems  of  synergy  are  appre¬ 
ciated  but  not  considered. 

Polyketide  metabolites  (Table  II)  Very  little  is  known  of  the  toxicological  properties 
of  benzoquinones  such  as  aurantiogliocladin  (I,  R=Me,  R-R"=OMe).  Of  course 
benzoquinone  is  known  to  be  irritantand  the  recommended  safety  level  of  its  vapour 
is  about  0.1  p.p.m.  (Sax  1968).  The  m.  p.  of  benzoquinone  is  115°  and  it  is  therefore 
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possible  that  the  more  volatile  benzoquinone  metabolites  (I,  m.  p.  63°,  Table  2)  could 
achieve  high  concentrations  in  enclosed  spaces  should  building  structural  material 
become  colonised  with  isolates  of  Gliocladium  roseum  capable  of  their  production. 
The  orcinol  derivatives  (Pettersson  1965)  are  probably  much  less  toxic  since  the  LD50 
of  orcinol  in  mice  is  known  to  be  722  mg  kg"1  (Veldre  et  a/.,  1971).  The  anthraquinones 
(XXXII)  are  generally  regarded  as  non-toxic  though  emodin  (XXXII,  R=R1=R3=OH, 
R2=Me)  is  thought  to  be  one  of  the  active  ingredients  in  traditional  purgatives. 

The  pyrone  derivatives  (IV,  x=CH2-CH2,  CH=CH)  were  first  isolated  during  investi¬ 
gations  of  the  odors  associated  with  these  fungi  e.g.  in  brackish  water  (Kikuchi  et  al. 
1974)  and  in  the  latter  case  to  find  the  agent  capable  of  initiating  oospore  formation  in 
Phytophthora.  However  there  has  been  a  recent  claim  (Merlier  et  al.  1985)  that  the 
QHn  pyrone  is  fungicidal.  Dehydroacetic  acid  (XXX)  has  some  claim  as  a  general 
antiseptic  in  view  of  its  bactericidal  action  (Spencer  et  al.  1950)  and  low  toxicity,  but  it 
has  not  been  used  because  of  the  superior  properties  of  detergents  such  as  cetyl 
trimethylammonium  halide. 

Terpene  metabolites  (Table  III)  Avellaneol  (III)  has  been  reported  (Nair  et  al.  1982) 
to  be  active  against  PS  388  lymphocytic  leukemia  in  mice,  but  no  experi  mental  details 
were  given. 

Gliocladic  acid  (V)  and  heptelidic  acid  (VI)  were  discovered  during  investigations  of 
the  biological  activity  of  a  number  of  isolates  of  Gliocladium  virens,  Trichoderma 
viride,  and  Chaetomium  globosum  from  soil.  Gliocladic  acid  at  a  dose  of  3  mg  kg  1  in 
female  mice  inhibited  the  growth  of  sarcoma-37  by  46%  and  was  less  toxic  than  the 
related  metabolite  heptelidic  acid  (Itoh  et  al.  1982).  The  latter  acid  has  a  noticeable 
specificity  for  inhibition  of  growth  of  some  anaerobic  bacteria  though  the  range  of 
bacteria  that  are  susceptible  is  narrower  than  that  affected  by  the  isocyanide  XVI. 

Trichodermin  (IX,  R=R"'=H,  R'=Me,  R"=OAc)  and  T2-toxin  (IX,  R=OCOCH2CHMe2, 
R'=CH2OAc,  R"=OH)  represent  the  extremes  of  toxicity  found  in  more  than  100 
trichothecins  now  known  to  be  produced  by  fungi.  In  all  cases  that  have  been 
examined  in  detail  large  numbers  of  congeneric  trichothecins  have  been  found  (e.g. 
Greenhalgh  et  al.  1984),  and  it  therefore  seems  likely  that  the  Trichoderma  spp.  that 
have  been  reported  to  produce  trichodermin  and  T2-toxin  also  produce  a  range  of 
trichothecins  in  low  concentration.  It  can  be  seen  from  Table  VII  that  there  are  more 
than  two  orders  of  magnitude  in  the  acute  toxicity  of  trichoderm  and  T2-toxin  in  mice. 
Thus  the  precise  toxicity  of  the  mixture  of  metabolites  produced  by  a  particular 
isolate  will  depend  on  the  toxicity  of  the  mixture.  The  factors  that  govern  the 
composition  of  such  mixtures  are  unknown.  The  literature  devoted  to  the  toxicity  of 
T2-toxin  is  very  large  (for  a  general  review  see  Ueno  1983)  since  it  has  been  implicated 
in  mycotoxicoses  in  farm  animals  (Mirocha  1983)  and  in  alimentary  toxic  aleukia  in 
man  (Joffe  1974).  In  general  trichothecins  have  little  or  no  antibacterial  properties,  but 
inhibit  the  growth  of  fungi  and  other  eukaryotic  cells.  Thus  rapidly  growing  cells  such 
as  B  and  T  lymphocytes  are  particularly  susceptible  and  there  is  a  growing  literature 
on  the  effect  of  T2-toxin  on  the  mammalian  immune  system.  The  reader  is  referred  to 
one  of  the  reviews  cited  above  for  further  details  on  the  toxicology  of  this  and  other 
trichothecins. 

Viridin  (X,  Y=0)  and  viridiol  (X,  Y=H,  OH)  are  unusual  steroid  derivatives  that  are 
very  active  inhibitors  of  fungal  spore  germination  (Brian  et  al.  1946).  The  germination 
of  spores  of  Collectotrichium  lini  and  Fusarium  coeruleum  was  inhibited  at  3  ng  ml 
and  the  germination  of  spores  of  Cladosporium  herbarum,  Fusarium  culmorum , 
Penicillium  digitatum,  P.  notatum,  and  StemphyUium  spp.  at  0.2  gg  ml  \  Viridin  was 
only  fungicidal  to  the  latter  fungus  at  50  gg  ml  \  No  data  on  the  mammalian  toxicity  of 
viridin  has  been  published. 

Non-polypeptide  metabolites  derived  from  a-amino  acids 
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From  a  toxiciological  point  of  view  these  metabolites  fall  into  two  groups  -  the  cyclo- 
pentenylisocyanides  and  the  epidithiodioxopiperazines. 

CycloPentenylisocyanides.  The  first  report  of  these  compounds  as  metabolites 
occurred  about  8  years  ago  (Nobuhara  etal.  1976)  and  work  on  their  toxicity  has  been 
hampered  by  their  instability.  However  in  the  period  that  has  elapsed  since  1976  they 
have  emerged  as  very  common  metabolites  of  Trichoderma  hamatum  (Brewer  and 
Taylor  1981)  and  several  other  Trichoderma  spp.  (Fujiwara  et  a/.  1982).  They  have 
marked  bacteriostatic  properties  but  the  bacterial  spectrum  that  is  susceptible  is 
unusual.  The  growth  of  Gram  +  bacteria  except  for  Sarcina  lutea  is  inhibited  at 
concentrations  greater  than  100  jug  ml"1,  but  Gram  -  bacteria  and  particularly  obli- 
gately  anaerobic  bacteria  are  inhibited  in  the  concentration  range  0.1-10  jug  ml  \ 
Bacteria  that  digest  cellulose  are  very  susceptible,  especially  to  the  unstable  com¬ 
pound  XVI.  Thus  cellulose  digestion  is  inhibited  by  XVI  in  Ruminococcus  albus  at5jug 
ml’1;  in  R.  flavofasciens  at  6  jug  ml  1  and  in  Bacterioides  succinogenes  at  1-2  jug  ml  1 
(Liss  et  a/.  1985).  In  general  the  genus  Bacterioides  is  very  susceptible  to  this  antibiotic. 
At  minimum  inhibitory  concentrations  of  XVI  its  activity  is  reversed  by  addition  of 
approximately  equimolar  amounts  of  nickelous  ion  (Brewer  et  a/.  1986)  and  it  has 
been  suggested  that  the  mode  of  action  of  these  compounds  lies  in  their  ability  to 
co-ordinate  with  Ni  cofactors  (Whitman  and  Wolfe  1980)  implicated  in,  for  example, 
the  reduction  of  pyruvate  to  propionate  or  formaldehyde  to  methane.  The  acute 
toxicities  of  these  isocyanides  to  mice  is  given  in  Table  VII  (Fujiwara  et  a/.  1982)  and  it 
can  be  seen  that  the  toxicities  of  the  various  compounds  very  considerably.  One  of 
the  most  toxic,  XVI,  has  been  fed  to  lambs,  intraruminally  at  a  dose  level  of  5  mg  kg  1 
day’1  for  3  weeks  without  overt  toxicity,  apart  from  a  slightly  slower  weight  gain  which 
could  be  attributed  to  an  induced,  reduced  digestibility  of  the  feed. 

Epidithiodioxopiperazines.  The  toxicity  of  gliotoxin  (XXI)  has  been  known  for  more 
than  50  years,  but  early  reports  of  its  fungicidal  activity  were  probably  biased  by  the 
contamination  of  specimens  with  viridin.  However  Johnson  et  al.  (1943)  showed  that 
gliotoxin  was  bacteriostatic  at  about  0.5  jug  ml  1  against  Gram  +  bacteria  and  at  about 
10  jug  ml’1  against  Gram  -  organisms.  It  inhibited  the  growth  of  Penicillium  italicum  at 
100  jug  ml'1,  Rhizopus  sp.  at  10  jug  ml1  and  Aspergillus  niger  at  1  jug  ml1.  Its  LD50  in 
mice,  rats  and  rabbits  was  about  50  mg  kg  1 ,  whether  dosed  orally,  intraperitoneally, 
or  intravenously.  Two  developments  in  its  toxicology  have  occurred  since  this  work 
was  published.  The  first  was  the  discovery  that  gliotoxin  inhibited  the  growth  of  RNA 
virus  in  cell  culture  (Rightsel  etal.  1964;  Miller  etal.  1968).  A  comprehensive  review  of 
its  toxicology  prior  to  1970  has  been  published  (Taylor  1971).  The  latest  event  is  the 
report  that  gliotoxin  inhibits  phagocytosis  of  macrophage  at  20-50  ng  ml  1  and  that  at 
0.1  jug  ml’1  it  abrogates  induction  of  alloreactive  cytotoxicT  lymphocytes  (Mullbacher 
and  Eichner  1984).  Since  Aspergillus  fumigatus  is  not  only  a  known  human  pathogen 
but  it  is  also  known  to  produce  gliotoxin  (Menzel  et  al.  1944),  there  arises  the  question 
of  whether  the  toxin  is  produced  in  vivo,  and  if  so  what  effect  this  may  have  on  the 
progress  of  an  infectious  agent(s).  Gliovirin  (Stipanovic  and  Howell  1982)  which  seems 
to  be  very  similar  to  trichorin  (Katayama  et  al.  1977)  has  a  growth  inhibiting  effect  on  a 
very  narrow  range  of  fungi,  though  trichorin  is  known  to  have  some  effect  on  the 
growth  of  (unspecified)  Gram  -  bacteria.  The  structure  of  gliovirin  has  some  similarity 
to  that  of  A30641  (XXXIX,  though  this  structure  has  been  questioned,  Sakata  et  al. 
1982),  which  has  marked  antifungal  activity  (Berg  et  al.  1976). 

Non-protein  polypeptide  metabolites  These  compounds  (Tables  V  and  VI)  fall  into 
two  groups  -  the  cyclosporins,  and  linear  peptides  that  contain  several  2-methylalanine 
residues. 

Cyclosporins.  About  9  of  these  metabolites  have  been  characterised  but  cyclos¬ 
porin  A  (XXXIV,  R1=OH,  R2=Et,  R3=R4=Me)  has  been  the  main  subject  of  toxicity  studies. 
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These  compounds  have  little  or  no  bacteriostatic  effect  but  as  shown  in  Table  VIII 
both  cyclosporin  A  and  cyclosporin  C  (XXXIV,  R^OH,  R2=CHOHMe,  R3=R<=Me) 
inhibit  the  growth  of  fungi  and  in  some  cases  at  low  concentration  (Dreyfuss  et  a/. 


Table  VIII  Growth  inhibition  of  some  fungi  by  cyclosporin  A  and  cyclosporin  C 


Organism  inhibited 

Minimum  Inhibitory  Concentration  (;ug  ml  *) 

Cyclosporin  A  Cyclosporin  C 

Rhodotorula  rubra 

100 

100 

Oospora  lactis 

31.6 

100 

Aspergillus  niger 

3 

1 

Curvularia  lunata 

1 

1 

Neurospora  crassa 

10 

10 

Anixiopsis  stercoraria 

100 

100 

Trichophyton  quinckeanum 

10 

31.6 

1976);  this  activity  perhaps  provides  a  rationale  for  the  use  of  these  compounds  in  the 
treatment  of  patients  with  immune  deficiency.  However  the  main  toxicological 
properties  of  these  compounds  are  their  remarkable  effects  on  the  immune  system  of 
mammals.  The  literature  on  this  subject  is  large  and  growing.  Some  indication  of  its 
size  may  be  had  from  the  facts  that  there  are  149  references  to  this  subject  in  the  10th 
collective  index  of  Chemical  Abstracts,  but  70  references  in  the  6  month  period  (Vol. 
101)  July-December  1984.  No  attempt  to  review  this  literature  is  made  -  the  reader  can 
consult  several  excellent  surveys  e.g.  Weil  1984,  Thomson  et  a/.  (1984).  Renal  and/ or 
hepatic  and/or  hemopoietic  abnoramlities  have  been  found  in  mice,  rats,  rabbits, 
dogs,  chickens  and  monkeys  at  dose  levels  of  about  25  mg  kg  1  day  \  In  man  this  is 
about  twice  the  dose  used  in  immunosuppressent  therapy.  It  may  be  concluded  that 
the  low  concentrations  of  these  compounds  possibly  present  in  the  environment  are 
not  a  toxicological  hazard. 

Alamethicin-like  peptides.  These  compounds  inhibit  the  growth  of  a  wide  range  of 
bacteria  and  fungi.  Representative  examples  are  given  in  Table  VII.  It  is  possible  that 
some  of  the  discrepancies  in  the  literature  regarding  the  bacteriostatic  effect  of  these 
metabolites  is  due  to  the  fact  that  they  diffuse  slowly  through  agar.  Thus  the  diameter 
of  zones  of  inhibition  depend,  more  critically  than  usual,  on  the  time  of  diffusion 
before  inoculation.  In  general  the  LD50  in  mice  treated  intraperitoneally  with  any  of 
these  compounds  is  about  5  mg  kg  1,  but  about  100  times  this  dose  can  be  tolerated 
when  it  is  administered  orally.  This  also  is  probably  due  to  slow  diffusion  and  hence 
uptake  through  the  wall  of  the  gut.  Paradoxically,  the  great  interest  that  these 
compounds  have  evoked  lies  in  their  remarkable  effects  on  membrane  physiology. 
This  subject  has  stimulated  a  great  deal  of  interest  and  there  are  several  excellent 
reviews  available  on  the  subject  (e.g.  Jung  et  a/.  1979,  Nagaraj  and  Balaram  1981b).  In 
brief,  these  are  amphiphilic  molecules  which  differ  from  such  trans-membrane 
carriers  as  valinomycin  (where  transport  is  dependent  on  the  selective  residence  of  a 
metal  ion  e.g.  K+  in  the  interannular  space  of  the  cyclic  peptide)  or  gramicidin  A 
(which  induces  a  voltage  independent  dimeric  channel)  by  inducing  conductance 
which  is  exponentially  dependent  on  the  applied  voltage.  The  channel  structures 
(Fox  and  Richards  1982)  are  characterised  by  an  hydrophilic  interior  and  a  hydro- 
phobic  exterior  and  are  stabilised  by  an  hydrated  annulus  of  glutamine  residues.  A 
model  for  the  mechanism  of  pore  formation  has  been  proposed  by  Jung  and  his 
coworkers  (Boheim  et  al.  1983).  Thus  the  mammalian  toxicity  of  the  metabolites  is 
probably  manifested  by  their  effect  on  neuro-transmission,  though  their  access  to 
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such  sensitive  receptors  is  limited  by  their  high  molecular  weight.  In  general  they  are 
not  hydrolysed  by  peptidases  and  thus  might  progress  through  the  gut  unscathed, 
affecting  the  intestinal  flora  in  a  possibly  deleterious  way. 

Miscellaneous  antagonistic  effects  of  Trichoderma  spp.  Mycologists  have  been 
interested  in  the  phenomenon  of  soil  fungistasis  for  more  than  50  years  and  the 
suspicion  that  Trichoderma  spp.  were  involved  has  been  entertained  by  many 
workers  (see  e.g.  Elad  etal.  1980,  Widden  and  Abitol  1980).  Unambiguous  experimen¬ 
tal  evidence  for  the  phenomenon  is  however  rare  -  Mitchell  and  Dix  (1975)  showed 
that  the  germination  of  Trichoderma  spores  was  inhibited  by  sterile  soil  but  by 
contrast  Lewis  and  Papavizas  (1984)  found  that  Trichoderma  spp.  proliferated  in  soil 
when  added  as  a  mycelial  culture.  Dennis  and  Webster  (1971b)  have  shown,  by 
elegant  photomicroscopy,  that  Trichoderma  spp.  can  grow  on  the  mycelium  of  other 
fungi  and  in  the  Soviet  Union  (Kanivets  et  al.  1940)  increased  yields  of  several  crops 
have  been  claimed  after  infestation  of  soil  with  Trichoderma  lignorum.  Earlier  work 
on  the  role  of  gliotoxin  in  soil  fungistasis  has  been  reviewed  (Taylor  1971).  In  summary 
the  use  of  Trichoderma  spp.  as  agents  in  biocontrol  systems  has  stimulated  much 
work  but  little  practical  application  has  as  yet  emerged. 

Methods  and  agents  for  the  control  of  growth  of  Trichoderma  and  taxonomicall y 
related  genera 

A  representative  selection  of  compounds  that  have  been  claimed  to  retard  the 
growth  of  these  fungi  is  given  in  Table  IX.  The  bulk  of  these  compounds  fall  into  the 
categories:  fungicidal  triazines  (XL),  benzimidazoles  (XLI,  see  in  addition  Tabata  and 
Kondo  1977),  phenylurea/urethanes  (XLIII,  XLIV),  thiourea/thiourethanes  (XLVIII, 
LI  I )  and  insecticidal  chlorinated  hydrocarbons  (XLV,  XLVI,  L II I ).  The  number  of 
compounds  studied  in  each  groupis  probably  large  but  details  of  the  concentrations 
at  which  inhibition  was  observed  are  hard  to  find.  For  example,  among  chlorinated 
compounds  patent  protection  for  compounds  of  the  type  ROCH2CH=CHCH2Cl 
(R=Me,  C6H5,  Cass  1949)  was  obtained  as  antagonists  of  Gliocladium  fimbriatum  but 
there  seems  to  have  been  no  exploitation  of  this  discovery.  Similarly  considerable 
work  has  been  done  on  the  effect  of  dichlorvos  ((MeO)2POOCH=CCl2)  on  Tricho¬ 
derma  viride  (Matsumora  and  Boush  1968)  but  I  have  been  unable  to  find  the 
minimum  concentration  of  this  insecticide  that  inhibits  growth  of  the  fungus.  It  seems 
to  be  generally  held  that  chlorophenols  preserve  wood  from  all  but  superficial  attack 
by  these  fungi  (Lew  and  Wilcox  1981,  Cserjesi  and  Rolf  1976)  but  I  have  been  unable  to 
find  details  of  the  relationship  between  structure  and  activity  despite  the  known 
mammalian  toxicity  of  these  compounds  (Sax  1968). 

The  importance  of  the  preservation  of  wood  has  led  to  many  studies  of  the 
antifungal  effects  of  fumigation.  Reference  has  already  been  made  to  the  disastrous 
use  of  formaldehyde  for  this  purpose;  ethyl  mercaptan  has  also  been  used  (Kvasnikov 
etal.  1971)  but  had  no  effect  on  Gliocladium  salmonicolor  and  only  slight  effect  (at  0.6 
/ug  ml"1)  on  Trichoderma  lignorum. 

There  remain  a  miscellaneous  group  of  materials  that  have  growth  suppressive 
activity,  at  relatively  high  concentration;  these  include:  manganous  ion  (at  0.5  mg 
ml1,  Babich  and  Stotzky  1981),  certain  alkyloxyacetic  acids  (R0CH2C02H,  R=C8H17, 
C9H19,  CnH23;  0.1  mg  ml"1,  Gershon  et  al.  1979),  a  tetraene  antibiotic  (Chakrabarty  and 
Chandra  1979),  and  certain  a-naphthoquinones  (0.1  mg  ml  \  Tripathi  et  al.  1980). 

A  further  group  of  poorly  defined  materials  include  bacterial  volatile  metabolites 
(Moore-Landecker  and  Stotzky  1972)  and  hot  water  extracts  of  oak-bark  -  probably 
tannic  acids  and  catechin  (LIV,  Yoshimoto  et  al.  1984).  Finally  there  are  reports  of 
suppression  of  spore  germination  of  Trichoderma  viride  by  ozone  (Hibben  and 
Stotzky  1969);  actinomycin  D  (0.1  mg  ml"1);  cycloheximide  (0.005  mg  ml1)  and 
5-fluorouracil  (0.01  mg  ml"1,  Betina  and  Spisiakova  1976). 


Table  IX  Compounds  known  to  inhibit  growth  of  Hypocrea  pilulifera,  Gliocladium  spp.  (G),  and  Trichoderma  spp.  (T) 
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Conclusions 

The  data  in  the  tables  of  this  report  demonstrate  that  the  group  of  fungi  that  is  its 
subject  can  be  found  in  almost  any  environment  of  the  planet;  that  they  produce 
well-defined  metabolites  whose  biological  and  chemical  properties  differ,  but  which 
include  some  of  the  most  toxic  substances  hitherto  described.  Only  under  excep¬ 
tional  circumstances,  e.g.  when  volatile  metabolites  accumulate  in  an  enclosed  space, 
when  metabolites  are  produced  in  the  course  of  an  infectious  process  or  when  they 
are  concentrated  naturally  in  or  during  the  manufacture  of  food,  are  acute,  toxic 
manifestations  patent.  Such  toxicity  is  rare,  though  an  increasing  number  of  examples 
are  coming  to  light  because  of  the  use  of  better  analytical  facilities.  In  the  case  of 
long-term  sub-clinical  toxicity  it  is  usually  very  difficult  to  associate  cause  and  effect 
and  therefore  epidemiological  phenomena  of  this  sort  are  commonly  overlooked. 
An  appreciation  of  the  latter  problem  and  its  implications  for  public  heatlh  is  long 
overdue,  but  our  ability  to  assess  the  importance  of  such  chronic  toxicities  in  society  is 
hampered  by  inadequate  analytical  tools. 

Until  such  methods  become  available  our  only  recourse  is  to  start  with  the 
population  dynamics  of  this  group  of  fungi  making  the  assumption  that  the  popula¬ 
tion  density  is  related  in  some  unknown  way  with  the  presence,  composition,  and 
concentration  of  its  toxic  metabolites.  However  this  job  can  hardly  be  started  because 
the  taxonomy  of  this  group  (and  related  groups)  of  fungi  fails  to  provide  easy 
identification  and  hence  classification.  Assuming  (as  seems  likely)  that  these  problems 
can  be  solved  there  remains  the  question  of  the  selective  inhibition  of  fungal  growth. 
Here  the  prognosis  is  not  bright,  because  their  elimination  is  probably  undesirable, 
since  there  are  those  who  believe  them  to  be  useful  vectors  in  biological  control 
methods,  and  perhaps  more  cogently,  that  elimination  of  a  relatively  benign  compo¬ 
nent  of  the  flora  might  result  in  its  replacement  with  a  virulent  pathogen.  Thus 
fungistatic  agents  are  required,  hopefully  active  at  very  low  concentrations.  The 
antifungal  agents  summarised  in  Table  IX  are  effective  at  concentrations  that  are  at 
least  4  orders  of  magnitude  greater  than  e.g.  the  concentration  of  penicillin  that 
inhibits  the  growth  of  Streptococcus  spp.  It  can  therefore  be  concluded  that  a 
considerable  research  effort  is  required  to  find  antifungal  agents  that  are  effective  in 
the  concentration  range  0.01  - 1  pg  ml"1.  An  examination  of  the  dates  of  publications 
cited  in  Table  IX  indicates  that  the  large  economic  losses  due  to  fungal  infestation  of 
wood,  wood  products  and  cellulosic  materials  are  in  fact  stimulating  such  a  research 
programme,  and  on  a  world-wide  scale.  One  hopes  that  the  public  health  aspects  of 
sub-acute  mycotoxicoses,  together  with  the  growing  realisation  of  their  importance 
in  animal  production  will  provide  further  impetus  for  this  research. 
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PROPAGATION  IN  VITRO 
OF  ‘MICHURINETZ’  GRAPES 


There  has  been  substantial  interest  recently  in  the  potential  for  a  wine  industry  in 
Nova  Scotia  (Dial  1979;  Cattell  1984;  Schreiner  1984/1985).  The  hardy  Russian  cultivar 
Vitis  amurensis  “Michurinetz”  has,  along  with  others,  been  grown  for  use  as  a  red 
wine  grape  at  Grand  Pre,  N.S.  It  was  of  considerable  interest  to  begin  to  develop  in 
vitro  propagation  strategies  for  such  grapes,  strategies  which  might  afford  a  year- 
round  means  of  true-to-type  cloning  and  of  virus  eradiction  (Barlass,  Skene,  Wood- 
ham  and  Krake  1982;  Mantell,  Matthews  and  Mckee  1985).  In  this  note  we  report 
successful  maintenance  of  stock  multiple  shoot  cultures  and  also  high-efficiency 
rooting  in  vitro. 

Dormant  budwood  of  the  Michurinetz  cultivar  was  flushed  while  standing  in 
tapwater  at  24-26°  C  in  an  18  h  photoperiod  for  8-12  days.  The  resulting  expanded 
leaves  were  carefully  dissected  away  and  surface  sterilization  of  the  remaining  buds 
was  effected  by  immersion  in  sodium  hypochlorite  (2%  w/v),for6  minutes,  followed 
by  3  rinses  of  sterile  double-distilled  water.  Buds  (3-6  mm  long)  were  inoculated  on  a 
standard  plant  tissue  culture  medium,  consisting  of  Murashige/Skoog  (MS)  salt  base 
(Carolina  Biologicals)  with  sucrose  (30  g.L’1),  agar  (8  g.L1),  thiamine  (10  mg.L  :), 
inositol  (1  g.L  x)  and  the  cytokinin  N6-benzylaminopurine  (BAP;  Goussard  1982;  Chee 
and  Pool  1982;  Monette  1983).  The  pH  of  media  was  adjusted  to  5.8  prior  to  autoclav¬ 
ing.  Medium  (30  mL)  was  dispensed  in  100  ml  screw-top  glass  jars.  The  culture 
environment  was  at  26-28°  C  with  a  photoperiod  of  18  h,  under  cool-white  fluores¬ 
cent  lamps  (9000  lux).  The  passage  time  was  4  weeks.  Single  bud  explants  formed 
multiple  shoot  cultures  (Fig.  1)  through  the  development  of  axillary  buds.  Such  stock 
cultures  have  been  routinely  subcultured  for  over  2  years. 

Table  I  Shoot  multiplication  and  wet  weight  in  relation  to  cytokinin  dose  for  shoots  of 
'Michurinetz'  grape.1  in  vitro. 


BAP 

(mM)2 

Mean  No. 
shoots  per 
culture3 

C.l.4 

Mean 
fresh  wt. 
per  culture5 
(gm) 

C.l.4 

Callus 

Index6 

Frequency 
of  cultures 
with  roots 

(%) 

0 

1.79  a 

±  0.054 

0.540  a 

±  0.172 

0.14 

57 

0.01 

3.52  b 

±  0.800 

0.940  b 

±  0.250 

0.13 

61 

0.10 

2.30  a 

±  0.610 

0.637  ab 

±  0.156 

0.26 

61 

1.00 

2.00  a 

±  0.030 

0.580  a  b 

±  0.210 

1.00 

21 

2.50 

8.61  c 

±  2.190 

1.860  c 

±  0.470 

0.88 

18 

5.00 

27.76  d 

±  3.940 

7.100  d 

±  1.420 

1.80 

56 

1  Standard  shoots  cultured  on  MS  media  +  BAP  at  26-28°  C,  photoperiod  18  hours;  9000  lux. 

2  23-28  replicate  shoot  per  treatment;  pooled  data  from  2  experiments;  exception:  14  shoots 
only  survived  on  0  BAP. 

3  Similar  letters  in  a  vertical  column  indicate  two  means  are  not  significantly  different  (Student 
t-test  P  >  0.05). 

4  95%  confidence  interval. 

5  Initial  wet  weight  =  0.0441  g  per  shoot  (N  =  15). 

6  Calculated  as  follows:  a  semi-quantitative  ranking  of  the  amount  of  callus  on  each  stem  base 
was  used  after  visual  inspection:  0,  1,  2,  3  denoted  increasing  amounts  of  callus;  for  each 
treatment,  these  values  were  summed  and  divided  by  the  number  of  replicates  to  give  a 
number  for  callus  quantity. 
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For  measurement  of  shoot  multiplication,  the  above  medium  was  used  with  BAPat 
0,0.01,0.1, 1.0, 2.5  and  5.0  /uM.  From  the  stock  cultures/standard’  microcuttings  were 
harvested,  each  consisting  of  a  terminal  bud,  1-2  cm  of  stem  and  2  expanded  leaves. 
There  were  11-18  replicate  microcuttings  per  treatment  in  each  of  2  experiments;  not 
all  these  survived  (Table  I,  footnote2). 

After  3  passages  measurements  were  recorded,  for  each  microcutting,  of  a)  total 
number  of  shoots  greater  than  0.5  cm;  b)  length  of  the  longest  shoot;  c)  fresh  weight; 

d)  presence  of  callus;  e)  presence  of  roots. 

For  rooting  trials,  the  MSsalts  were  reduced  to  half-strength  and  BAP  was  replaced 
by  4-(indolyl-3)  butyric  acid  (IBA;  George  and  Sherrington  1984;  Krul  and  Mowbray 
1984),  at  0,0.25,  2.5  and  5  /uM.  All  other  media  components  were  as  above.  Stock  IBA 
was  added  to  the  cooling  autoclaved  medium  through  a  0.22  /z  Millipore  filter  system. 
Rooting  medium  (40  mL)  was  dispensed  into  100  mL  glass  jars  with  plastic  screw-top 
closures.  Standard  ex  plants  for  rooting  were  single  shoots,  1-2  cm  on  length,  bearing 
the  terminal  bud  and  2expanded  leaves.  Stems  were  inserted  in  the  medium  near  the 
vessel  wall,  for  periodic  observation  of  emerging  root  primordia,  using  a  dissecting 
microscope.  Twenty-four  shoots  were  tested  on  each  dose  of  IBA  and  the  experiment 
was  repeated  once. 

In  shoot  multiplication  trials,  BAP  did  not  significantly  promote  shoot  production 
at  doses  less  than  2.50  juM,  or  else  gave  a  weak  promotive  effect  (Table  I).  A  better 
than  four-fold  increase  in  shoot  production  was  observed  with  2.50  azM  BAP.  While 
very  high  shoot  numbers  were  produced  on  5.0  /zM  BAP,  their  stems  were  short 
(mean  2.8  cm  vs  4.9  cm  on  2.5  //M  BAP),  fasciated  and  bore  distorted  leaves.  BAP 
significantly  increased  the  mean  fresh  weight  per  culture  at  0.01  /zM  and  especially  at 
2.50and  5.0  /z M  (Table  I).  Callus, at  the  base  of  shoots,  was  produced  on  all  treatments, 
particularly  in  the  range  1. 0-5.0  /zM  BAP.  Rooting  was  observed  on  all  treatments,  but 
the  frequency  of  rooting  bore  no  clear  relationship  to  cytokinin  dose  (Table  I). 
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The  time  course  of  rooting  of  microcuttings  in  relation  to  auxin  dose. 


PROPAGATION  OF  MICHURINETZ  GRAPES 


61 


Table  II  Rooting  of  single  microcuttings  of  ‘Michurinetz’  in  relation  to  auxin  dose.1 


IBA 

(mM)2 

Mean  number  of  roots 
per  rooted  shoot3 

C.l.4 

0 

3.41  a 

±  0.41 

0.05 

4.12  a 

±  0.61 

0.50 

7.36  b 

±  0.99 

1.00 

7.72  b 

±  1.18 

1  Standard  microcuttings  grown  for  16 days  on  MS  medium  supplemented  with  I  BA;  at  26-28°  C; 
photoperiod  18  hours.  9000  lux. 

2  41-48  replicates  per  treatment;  pooled  data  from  2  experiments. 

3  Similar  letters  in  a  vertical  column  indicate  two  means  are  not  significantly  different  (Student 
t-test  at  P  >  0.05). 

4  95%  Confidence  Interval. 

I'i 

Root  primordia  first  appeared  at  very  low  frequencies  by  day  4  (Fig.  3).  Over  the 
next  4  days,  rooting  frequencies  increased  rapidly  on  all  treatments,  with  a  tendency 
toward  higher  frequencies  on  2.5  and  5  jiiM  I  BA.  Final  rooting  frequencies  were  high 
and  rather  similar,  irrespective  of  I  BA  dose.  Auxin,  however,  did  significantly  increase 
the  mean  number  of  roots  per  shoot  at  2.5  and  5.0  juM  (Table  II).  Roots  were  relatively 
thick,  especially  on  the  auxin  treatments  (Fig.  2).  IBA  regularly  produced  a  basal  stem 
callus  (in  81-98%  of  cuttings  vs  49%  in  controls);  lateral  roots  formed  in  31-43%  of  the 
auxin-treated  cultures  (vs  4%  in  controls). 

From  this  work  it  is  clear  that  'Michurinetz’  can  be  sustained  readily  through  many 
passages  in  vitro.  Importantly,  it  is  an  'easy-to-root’  cultivar.  We  propose  that  these 
data  can  provide  a  basis  for  further  testing  of  this  interesting  cultivar. 


Fig.  1  Stock  multiple  shoot  cultures  from  2.5  juM  BAP  medium. 


Fig.  2  Rooted  microcutting  after  treatment  with  2.5  juM  IBA. 
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DESCRIPTION  OF  SELECTED  LAKE  CHARACTERISTICS  AND 
OCCURRENCE  OF  FISH  SPECIES  IN  781  NOVA  SCOTIA  LAKES 

D.  R.  ALEXANDER 
Science  Branch 

Department  of  Fisheries  and  Oceans 
Gulf  Region 
P.O.  Box  5030 

Moncton,  New  Brunswick  E1C  9B6 
J.  J.  KEREKES 

Canadian  Wildlife  Service 
Environment  Canada 
c/o  Biology  Department 
Dalhousie  University 
Halifax,  Nova  Scotia  B3H  4)1 

and 

B.  C.  SABEAN 
Wildlife  Division 

Department  of  Lands  and  Forests 
P.O.  Box  516 

Kentville,  Nova  Scotia  B4N  3X3 


Between  1964  and  1981,  the  Science  Branch  of  the  Department  of  Fisheries  and  Oceans,  the 
Canadian  Wildlife  Service  of  the  Department  of  the  Environment  and  the  Wildlife  Division  of  the 
Nova  Scotia  Department  of  Lands  and  Forests  completed  surveys  on  781  Nova  Scotia  lakes.  This  report 
identifies  the  survey  locations  and  provides  information  on  conductivity,  pH,  surface  area,  mean  and 
maximum  depth  and  the  occurrence  of  fish  species  for  surveyed  lakes.  An  analysis  is  provided  for  the 
relative  frequency  of  occurrence  of  selected  fish  species. 

Entre  1964  et  1981,  la  Section  des  Sciences  du  Ministere  des  Peches  et  des  Oceans,  le  Service 
canadien  de  la  faune  du  Ministere  de  I’Environnement  et  la  Section  de  la  faune  du  Departement  des 
Terres  et  des  Forets  de  la  Nouvelle-Ecosse  ont  complete  des  etudes  sur  781  lacs  en  Nouvelle-Ecosse. 
Ce  .apport  identifie  les  emplacements  des  lacs  et  donne  des  renseignements  concernant  la  conduc¬ 
tivity,  le  pH,  la  surface,  la  profondeur  moyenne  et  maximum  et  les  especes  de  poissons  trouvees  dans 
les  lacs  etudies.  Une  analyse  est  donnee  pour  la  frequence  relative  de  quelques  especes  de  poisson. 


Introduction 

Surface  water  in  Nova  Scotia  is  essential  for  production  of  numerous  populations  of 
freshwater  dependent  fish  species.  These  populations  contribute  to  both  commercial 
and  recreational  fisheries  of  significant  economic  value.  A  survey  of  anglers  (Cum- 
ming  1979)  concluded:  "In  total,  during  1974,  the  sport  fishermen  of  Nova  Scotia 
numbered  approximately  188,000,  fished  2.2  million  days  and  spent  $15.1  million  on 
sportfishing".  Most  of  this  fishery  was  on  freshwater.  In  that  same  year,  the  commer¬ 
cial  fishery  for  anadromous  alewife  ( Alosa  pseudoharengus) ,  blueback  herring  (Alosa 
aestivalis ),  Atlantic  salmon  ( Salmo  salar),  rainbow  smelt  (Osmerus  mordax),  and  the 
catadromous  American  eel  ( Anguilla  rostrata)  had  a  total  landed  value  of  $634,000  (J. 
Cain,  pers.  comm..  Management  Branch,  Statistic  Division,  DFO,  Scotia-Fundy 
Region,  Halifax,  Nova  Scotia).  The  value  of  these  fisheries  has  undoubtedly  increased 
since  1974. 
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The  aesthetic,  non-consumptive  value  of  water  and  its  ecological  associations, 
including  all  forms  of  fish  and  other  wildlife,  should  not  be  overlooked.  These 
aesthetic  values  contribute  to  our  social  well  being.  They  may  be  most  obvious  in 
settings  such  as  National  Parks  where  they  are  often  interpreted  by  professional  staff 
for  the  general  public. 

Man’s  activities  in  recreation,  agriculture,  forestry,  industry  in  general  and  other 
areas  may  have  adverse  effects  on  water  quality  and  quantity,  thus  affecting  the  fish, 
the  fisheries  and  the  aesthetics.  Consequently,  these  resources  require  protection, 
conservation  and  in  some  cases  more  active  management.  To  accomplish  this, 
resource  inventory  information  is  required. 

Three  agencies  that  have  collected  inventory  information  through  lake  surveys 
are:  the  Science  Branch  of  the  Department  of  Fisheries  and  Oceans  (DFO);  the 
Canadian  Wildlife  Service  (CWS)  providing  service  to  Parks  Canada;  and  the  Wildlife 
Division  of  the  Nova  Scotia  Department  of  Lands  and  Forests  (L&F).  Some  of  the 
survey  results  have  been  published  (Alexander  1972,  Beanlands  1980,  Ives  1975a, 
1975b,  Penney  and  Hiltz  1973,  Richard  1977,  Richard  and  Swan  1977,  Kerekes  1975, 
1982). 

This  report  summarizes  data  on  conductivity,  pH,  surface  area,  mean  and  maxi¬ 
mum  depth  and  occurrence  of  fish  species  in  781  Nova  Scotia  lakes  surveyed  from 
1964  to  1981.  This  information  can  be  of  value  in  fisheries  management  decisions  such 
as  allocation  of  hatchery-produced  trout,  protection  of  unique  native  species,  rejec¬ 
tion  or  approval  of  introductions  of  non-native  species,  or  selection  of  waters  for 
intensive  management.  These  data  also  provide  a  baseline  for  studies  on  the  impact 
of  acid  precipitation  which  has  been  recognized  as  a  major  threat  to  fish  in  some  areas 
of  Nova  Scotia  (Farmer  et  al.  80,  Watt  et  al.  1983).  Observations  in  the  report  extend 


Fig  1  Map  of  Nova  Scotia  showing  eight  major  drainage  areas  used  to  group 
surveyed  lakes. 
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the  known  ranges  of  a  few  species  and  contribute  to  a  better  understanding  of 
species  distributions  and  species  associations  in  the  province.  Publication  of  these 
data  will  hopefully  eliminate  duplication  of  the  surveys  by  others. 

The  report  includes  only  selected  information  common  to  most  of  the  surveys. 
Consequently,  some  detail  such  as  the  distinction  between  stickleback  species  is 
available  for  some  surveys,  including  most  of  those  conducted  by  CWS,  but  is  omitted 
here  for  the  sake  of  uniformity.  Individuals  with  special  interests  may  wish  to  contact 
the  author  with  the  appropriate  agency  (APPENDIX)  to  verify  information  or  to 
expand  upon  information  provided. 


Methods  and  Materials 


Lake  identification 

The  lake  name  and  geographic  co-ordinates,  to  the  nearest  minute,  at  the  lake 
center,  are  provided  as  listed  in  the  1977  volume  for  Nova  Scotia  of  the  Gazetteer  of 
Canada.  Where  no  name  was  listed,  a  local  name  was  used  or  the  lake  was  labelled  as 
"Unnamed”  and  the  co-ordinates  were  determined  using  topographic  maps 
(Department  of  Natural  Resources  and  Energy,  1 : 50, 000  scale)  or  more  detailed  maps 
(NS  Dept,  of  Lands  and  Forests,  Crown  Land  Forestry  Series,  1964, 1 : 1 5, 840  scale).  The 
Gazetteer  and  maps  were  also  used  to  identify  lakes  by  county.  When  a  lake  was 
located  on  a  county  line,  it  was  assigned  to  the  county  in  which  the  greatest  portion  of 
the  lake  was  located.  Surveyed  lakes  were  further  identified  by  the  watershed  in 
which  they  were  located.  In  most  cases  the  watershed  was  taken  as  the  name  of  the 
river  or  lake  at  the  point  where  water  from  the  surveyed  lake  flowed  to  salt  water.  The 
watersheds  have  also  been  identified  using  an  alpha-numeric  code  developed  by 
personnel  in  the  Habitat  Protection  Section,  Science  Branch,  Scotia-Fundy  Region  of 
the  Department  of  Fisheries  and  Oceans  (R.  Sweeney,  pers.  comm.).  Under  this 
system,  each  watershed  included  in  this  summary  can  be  assigned  to  one  of  eight 
major  drainage  areas  (Fig.  1)  as  follows:  Fundy  Atlantic,  FA:  South  Shore,  SS;  North¬ 
umberland  Strait,  NS;  Eastern  Shore,  ES;  Minas  Basin,  MB;  Cape  Breton  East,  CBE; 
Cape  Breton  Centre,  CBC;  Cape  Breton  West,  CBW.  Within  these  major  drainage 
areas,  each  watershed  has  been  numbered  using  from  one  to  three  digits.  The  system 
allows  for  specific  coding  of  individual  lakes,  but  the  full  code  is  not  included  here. 

Survey  dates  in  this  report  are  shown  as  XX YY,  where  XX  refers  to  the  month  (1-12) 
and  YY  to  the  year  (64-81).  If  a  lake  was  surveyed  by  more  than  one  agency  or  in  more 
than  one  year,  the  results  are  considered  to  represent  separate  surveys  and  summary 
information  is  provided  for  each. 

Physical  and  chemical  characteristics  of  lakes 

Conductivity,  measured  in  /imhos  cm'1,  from  a  surface  water  sample  was  obtained 
from  most  surveys.  Measurements  were  usually  made  in  the  field  with  instruments 
such  as  the  YSI  Model  9-325  conductivity/salinity/temperature  meter.  Where  more 
than  one  sample  was  taken,  the  average  of  surface  values  is  reported. 

Hydrogen  ion  concentration  was  measured  for  surface  water  samples.  Where 
more  than  one  value  was  recorded,  the  arithmetic  mean  is  reported.  Method  of  pH 
measurement  was  usually  recorded  on  survey  forms  and  included  chemical  field  kits 
(Hach  Chemical  Co.  Inc.,  Ames,  Iowa,  USA),  various  field  pH  meters  and  laboratory 
analysis. 

Surface  area  of  lakes  was  determined  using  dot  grid  counts  or  planimeter  mea¬ 
surements,  usually  on  1:15,840  scale  maps  or  1:10,000  and  1:15,840  scale  aerial 
photographs,  although  1:25,000 and  1 :50,000  topographic  maps  were  used  for  some 
larger  lakes. 
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Field  activities  during  a  typical  survey  included  depth  determinations  for  each  lake 
using  echo  sounders.  Recorded  depths  were  used  to  produce  bathymetric  maps  with 
contour  intervals  of  one-meter  or  greater.  These  maps  are  not  included  in  this  report, 
but  are  available  for  most  surveyed  lakes. 

Lake  volume  was  taken  as  the  sum  of  the  volumes  of  all  horizontal  strata  between 
contours  on  the  bathymetric  map.  Volume  of  each  stratum  was  calculated  using  a 
plani meter  or  dot  grid  to  determine  area,  and  by  inserting  these  values  in  the  formula 
provided  by  Welch  (1948).  Meandepth  was  calculated  by  dividing  volume  of  the  lake 
by  water  surface  area. 

The  total  number  of  lakes  in  the  province,  by  size  class,  was  determined  using  the 
1:50,000  scale  Nova  Scotia  watershed  area  maps  compiled  by  Maritime  Resource 
Management  Services  in  1980. 

Collection  of  fish  samples 

Fish  samples  were  collected  by  a  variety  of  methods  which  commonly  included  gill 
netting.  Gill  nets  usually  consisted  of  15.2  m  long  panels  of  various  mesh  sizes 
between  1.3  cm  and  7.6  cm  square  mesh.  Because  of  the  difficulty  in  properly  setting 
nets  in  deeper  water  (>  10  m),  those  areas  were  likely  undersampled.  Other  sampling 
methods  included  trap  netting,  beach  seining,  minnow  trapping  and  occasional 
angling.  Not  all  methods  were  employed  on  all  lakes  surveyed.  Methods  varied  by 
agency  and  by  year  and  this  was  frequently  influenced  by  the  personnel  involved. 
Unfortunately,  voucher  samples  for  museum  storage  were  not  collected  from  most 
surveyed  lakes  except  for  those  in  Kejimkujik  National  Park. 

Common  and  specific  names  of  fishes  in  this  report  conform  to  those  listed  in  the 
fourth  edition  of  Special  Publication  No.  12of  the  American  Fisheries  Society  (Robins 
et  al.  1980).  In  order  to  record  the  fish  species  caught  in  concise  tabular  form  for  the 
APPENDIX,  thefish  species  have  been  randomly  assigned  numerical  codes  asfollows: 


Scientific  Name 

Common  name 

Species 

Catostomus  commersoni 

white  sucker 

1 

Salvelinus  fontinalis 

brook  trout 

2 

Morone  americana 

white  perch 

3 

Perea  flavescens 

yellow  perch 

4 

Fundulus  diaphanus 

banded  killifish 

5 

Couesius  plumbeus 

lake  chub 

6 

Salmo  trutta 

brown  trout 

7 

Sal  mo  gairdneri 

rainbow  trout 

8 

Salmo  salar 

Atlantic  salmon 

9 

Anquilla  rostrata 

American  eel 

10 

Salvelinus  namaycush 

lake  trout 

11 

Notemigonus  crysoleucas 

golden  shiner 

12 

Notropis  cornutus 

common  shiner 

13 

Notropis  heterolepis 

blacknose  shiner 

14 

Gasterosteidae** 

sticklebacks 

15 

Phoxinus  eos 

northern  redbelly  dace 

16 

Osmerus  mordax 

rainbow  smelt 

17 

Alosa  aestivalis/Alosa 

blueback  herring/alewife 

18 

pseudoharengus* 

Semotilus  atromaculatus 

creek  chub 

20 

Ictalurus  nebulosus 

brown  bullhead 

21 

Esox  niger 

chain  pickerel 

22 

Fundulus  heteroclitus 

mummichog 

23 

Pseudopleuronectes  americanus 

winter  flounder 

24 
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Scientific  Name 


Common  name 


Species  code 


Urophycis  sp. 

Coregonus  clupeaformis 
Micropterus  dolomieui 
Morone  saxatilis 
Microgadus  tomcod 
Tautogolabrus  adspersus 
Peprilus  triacanthus 
Myoxocephalus  aenaeus 
Hemitripterus  americanus 
Brevoortia  tyrannus 
Menidia  menidia 
Rhinichthys  atratulus 


hake 

lake  whitefish 
smallmouth  bass 
striped  bass 
Atlantic  tomcod 
cunner 
butterfish 
grubby 

Atlantic  sea  raven 
Atlantic  menhadden 
Atlantic  silverside 
blacknose  dace 


25 

26 
27 

29 

30 

31 

32 

33 

34 

35 

36 

37 


*  These  two  species  were  not  separated. 

**  Sticklebacks  may  include  four  species  which  were  distinguished  in  some  surveys,  but  not  in  this  summary. 


Results  and  Discussion 


Lake  location,  watershed  identification,  survey  agency,  survey  date,  conductivity, 
pH,  surface  area,  mean  and  maximum  depth  and  occurrence  offish  species,  listed  by 
lake  name  in  alphabetical  order  and  grouped  by  county,  in  alphabetical  order,  is 
provided  in  the  APPENDIX,  for  each  lake  surveyed. 

Number  of  surveys 

Some  locations  were  surveyed  more  than  once.  In  total,  the  three  agencies 
conducted  826  surveys  on  781  lakes  (Table  land  Table  II).  This  represents  11.7%  of  the 
6,674  Nova  Scotia  lakes  counted  as  being  one  hectare  or  greater  in  surface  area. 

Surveys  were  completed  in  each  county  although  the  Nova  Scotia  Department  of 
Lands  and  Forests  was  the  only  agency  to  conduct  surveys  in  all  18  counties  (Fig.  2, 
Table  I).  The  aggregate  number  completed  ranged  from  8  surveys  in  Inverness  to  175 
in  Halifax  County.  The  number  of  surveys  completed  may  suggest  that  some  counties 
have  been  favoured  at  the  expense  of  others,  but  that  impression  ignores  the 
distribution  of  lakes.  If  the  number  of  surveyed  “named"  lakes  (APPENDIX)  is  divided 
by  the  number  of  “named"  lakes  compiled  from  the  1961  edition  of  the  Gazeteer  of 
Canada  (R.E.  Cutting,  pers.  comm..  Science  Branch,  Freshwater  and  Anadromous 
Division,  DFO,  Scotia-Fundy  Region,  Halifax,  Nova  Scotia)  and  expressed  as  a  percen¬ 
tage  (Table  I),  a  survey  index  reflecting  lake  distribution  is  produced.  The  overall 
index  value  of  21%  (757  of  3,626  lakes)  suggests  that  surveys  have  been  concentrated 
on  these  better  known  and,  therefore,  larger  lakes.  The  index  by  county  (Table  I) 
ranges  from  7%  in  Hants  (12  of  163)  to  >100%  (25  of  24)  in  Victoria  County.  The  index 
for  Inverness  is  above  average  at  32%  (8  of  25)  while  the  170  “named"  lakes  surveyed 
in  Halifax  County  represent  only  14%  (170  of  1,240)  and  is,  therefore,  below  average. 
The  number  of  surveys  completed  and  the  survey  index  could  be  used  to  determine 
the  priority  for  location  of  future  surveys  although,  in  reality,  surveys  are  frequently 
conducted  in  response  to  a  site  specific  request  for  information. 

Surface  area 

Total  surface  area  of  surveyed  lakes  is  69,287  ha  or  30.7%  of  the  surface  area 
calculated  (225,495  ha)  for  all  lakes  in  the  province.  Although  the  percentage  of 
completed  surveys  increases  with  increasing  lake  size  (Table  II),  not  all  of  the  largest 
lakes  have  been  surveyed.  Emphasis  has  been  placed  on  lakes  in  the  lOto  100  hectare 


Table  I  Number  of  surveys  completed  by  the  Department  of  Fisheries  and  Oceans,  Nova  Scotia  Lands  and  Forests,  and  the  Canadian  Wildlife  Service  in  each 
county  and  in  the  aggregate  (excluding  duplicate  surveys). 
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*  Some  lake  names  in  the  APPENDIX  have  not  been  gazetted.  Named  lakes  surveyed  may  therefore  exceed  the  number  of  named  lakes  in  Gazetteer, 
t  The  number  of  named  lakes  surveyed,  expressed  as  a  percentage  of  the  gazetted  named  lakes  in  the  county,  serves  as  an  index  to  the  survey  distribution. 
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Fig  2  Map  of  Nova  Scotia  showing  county  lines. 


size  (57%  of  all  surveys).  Lakes  of  this  size  were  best  suited  to  the  equipment, 
methods,  personnel  and  time  available.  Mean  surface  area  for  all  surveyed  lakes  is  89 
ha  (Table  III),  but  the  large  standard  deviation  (279  ha)  indicates  the  great  variability. 
One  lake  with  a  surface  area  of  less  than  one  ha  was  surveyed  in  Cape  Breton  County, 
but  size  ranged  to  a  maximum  of  5,736  ha  for  Lake  Ainslie  in  Inverness  County.  Mean 
surface  area  of  all  6,674  lakes  in  the  province  was  estimated  at  34  ha.  Again,  the 
difference  in  mean  surface  areas  for  all  lakes  and  for  all  surveyed  lakes  indicates  a 
selection  of  larger  lakes  for  survey. 

Conductivity 

Conductivity  values  were  generally  low  and  showed  little  variation  between  loca¬ 
tions.  However,  some  extreme  high  values  such  as  20,000  yumhos  cm  1  for  Upper  and 
Lower  Redhead  Pond  in  Victoria  County,  or  15,100  in  Oyster  Pond  and  12,700  in 
Harpell  Pond,  both  in  Halifax  County,  and  others,  were  recorded  but  were  almost 
certainly  the  result  of  seawater  mixing.  A  total  of  17  such  sites  were  identified  and 
these  values  were  not  included  in  the  calculation  of  mean  conductivity  for  lakes  in  the 
province.  The  maximum  value  that  was  included  was  12,400  yumhos  cm  1  for  Park 
Lake,  Cumberland  County.  This  high  value  can  be  attributed  to  gypsum  and  salt 
deposits  in  that  area  (Roland  1982).  Mean  conductivity  by  county  ranged  from  26.4 
yumhos  cm  1  for  Lunenburg  to  656.8  for  Cumberland  (Table  III).  Mean  and  standard 
deviation  for  the  province  was  69.5  ±  493.0  yumhos  cm"1.  However,  the  mean  (n  =  637) 
drops  to  50.1  when  the  value  for  Park  Lake  is  excluded.  Even  this  value  is  probably 
biased  upward  by  wind  carried  sea  spray.  Some  lakes  in  the  survey  are  also  known  to 
be  influenced  by  road  salts  and  sewage  loading  which  may  increase  conductivity. 
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Table  II  Number  of  lakes  and  number  of  surveyed  lakes  in  Nova  Scotia  in  each  of  seven  selected 
size  categories. 


Surface  area  (ha) 

1. 0-2.0 

2.1-5. 0 

5.1-10.0 

Number 

1,339 

1,436 

1,163 

Number  surveyed 

9 

60 

119 

%  Surveyed 

1 

4 

10 

Low  conductivity  is  directly  related  to  low  levels  of  total  dissolved  solids  in  Nova 
Scotia  lakes  (Hayes  1963,  Kerekes  1973,  Kerekes  et  al.  1982),  and  since  low  levels  of 
dissolved  solids  are  associated  with  low  fish  production  (Ryder  1965,  Ryder  et  al.  1974), 
it  is  not  surprising  that  lakes  in  the  region  have  been  classified  as  relatively  unproduc¬ 
tive  (Alexander  1975,  Alexander  and  Merril  1976). 

Depth 

Maximum  depth  values  were  available  for  772surveyed  lakes  (Table  III)  and  ranged 
from  0.4  m  for  one  lake  in  Cape  Breton  County  to  52.4  m  recorded  for  Lochaber  Lake 
in  Antigonish  County.  Martin  and  Olver  (1976)  have  shown  that  almost  75%  of  the 
lakes  known  to  support  lake  trout  ( Salvelinus  namaycush)  in  Ontario  have  a  maxi¬ 
mum  depth  in  the  15.2  -  45.7  m  range.  Since  our  mean  of  maximum  lake  depths 
recorded  is  only  8.2  m  (Table  III),  it  is  not  surprising  that  this  species  is  reported  from 
only  a  few  lakes  in  the  province  even  though  it  was  introduced  extensively  from 
hatcheries  in  the  early  1900's. 

Mean  depth  of  all  lakes  by  county  ranged  from  1.4  m  for  Colchester  to  4.8  m  for 
Hants  (Table  III).  Mean  depth  of  all  660  lakes  was  only  2.8  m.  This  combination  of 
shallow  depth  and  low  nutrient  levels  suggests  the  potential  of  using  lake  fertilization 
as  a  management  tool  where  flushing  rates  are  low. 

Acidity 

Some  pH  determinations  from  these  lake  surveys  were  considered  to  be  highly 
reliable  and  have  been  recorded  in  the  National  Water  Quality  Data  Bank  (NAQUA- 
DAT)  but,  in  other  cases,  measurements  were  less  precise.  Values  for  730  lakes 
examined  ranged  from  4.0to  9.7.  Although  specific  pH  values,  and  extreme  values  in 
particular,  may  be  questionable,  average  values  probably  vary  as  a  result  of  differing 
geology.  Mean  pH  by  county  (Table  III)  ranged  from  5.5  in  Shelburne  to  7.4  in 
Inverness.  Average  pH  for  all  sites  was  6.2. 

Portions  of  Atlantic  Canada  have  been  shown  to  be  highlysusceptibleto  the  effects 
of  acid  precipitation  since  the  geology  of  the  region  provides  little  buffering  capacity. 
In  Nova  Scotia,  the  Southwestern  mainland,  parts  of  the  Eastern  Shore  and  the 
highlands  of  Cape  Breton  have  been  shown  to  be  sensitive  (Clair  et  al.  1982).  Impacts 
on  fisheries  have  been  noted  in  some  areas  (Watt  et  al.  1983).  Apparently,  the  eight 
sites  surveyed  in  Inverness  were  not  in  sensitive  areas  or  were  not  yet  seriously 
affected  by  acid  precipitation.  The  pH  values  given  in  this  report  may  become  useful 
reference  points  to  evaluate  the  impact  of  acid  precipitation. 

Fish  species 

Of  the  781  surveyed  lakes,  744  were  sampled  to  obtain  information  on  their  fish 
populations.  A  few  lakes  were  intensively  studied  to  provide  information  on  factors 
such  as  fish  abundance  and  age  and  growth,  but  review  of  those  data  is  beyond  the 
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Table  II  continued 


Surface  area  (ha) 

Total 

10.1-25.0 

25.1-100.0 

100.1-500.0 

500.1+ 

Number 

1,249 

1,081 

367 

39 

6,674 

Number  surveyed 

196 

249 

129 

19 

781 

%  Surveyed 

16 

23 

35 

49 

12 

scope  of  this  report.  The  presence  of  individual  fish  species  was  selected  as  usually 
reliable  information  common  to  most  surveys  and  is  included  here  (APPENDIX). 
Where  an  extension  of  the  range  in  distribution  of  a  species  is  implied,  it  would  be 
desirable  to  confirm  the  presence  of  that  species  in  that  location  and  to  provide 
specimens  for  museum  storage.  In  view  of  the  methods  employed  and  the  short  time 
allocated  to  fish  collections,  it  is  probable  that  some  fish  species  were  occasionally 
missed  during  sampling.  Consequently,  the  occurrence  of  most  or  all  fish  species  is 
under-represented  in  the  survey  results.  Furthermore,  the  degree  to  which  occur¬ 
rence  is  under-reported  is  likely  to  be  variable  since  vulnerability  to  capture  would 
vary  by  species  and  by  capture  method.  Sampling  effort  by  gear-type  would  also  vary 
between  surveys  depending  on  both  the  gear  preference  and  capabilities  of  the 
survey  crews. 

With  the  limitations  noted  above,  the  fish  occurrence  information  has  been 
summarized  by  species  and  by  county.  Where  a  lake  was  sampled  more  than  once, 
only  the  most  recent  information  was  used  rather  than  combining  years.  The  results 
(Table  IV)  show  some  interesting  trends  worth  note  and  comment. 

Fishless  lakes 

No  fish  were  caught  in  34  (5%)  of  the  744  surveyed  lakes.  In  a  few  cases,  these  may 
be  truely  “fishless”  lakes,  but  in  many  cases  the  absence  of  fish  specimens  probably 
reflects  sampling  difficulties,  possibly  in  combination  with  low  fish  abundance. 

Anguilla  rostrata.  American  eel  were  caught  in  112  lakes  (15%),  but  are  difficult  to 
catch  in  gill  nets  because  of  their  body  shape.  Although  they  are  catadromous,  eels 
are  often  present  in  freshwater  upstream  from  obstacles  which  would  constitute  a 
barrier  to  the  migration  of  other  fish  species.  In  fact,  in  two  lakes  on  the  highlands  of 
Cape  Breton,  eels  were  the  only  fish  present.  American  eels  were  probably  present  in 
almost  all  lakes  including  many  of  those  that  appeared  to  be  “fishless”. 

Alosa  aestivalis/Alosa  pseudoharengus.  Blueback  herring  and/or  alewife  were 
recorded  from  84  locations  (11%),  but  because  of  the  large  numbers  sometimes 
encountered  and  the  difficulty  in  removing  them  from  gill  nets,  survey  crews  often 
avoided  setting  nets  at  times  or  in  places  where  they  were  most  likely  to  be  captured. 
No  distinction  was  made  between  the  two  species.  Both  species  may  have  been 
present  in  the  lakes  although  our  observations  suggest  that  blueback  spawn  in 
flowing  streams  near  seawater  while  alewives  migrate  to  spawn  in  freshwater  lakes. 
Alewives  can  become  landlocked,  but  no  landlocked  populations  have  been  identi¬ 
fied  in  Nova  Scotia.  The  presence  of  either  of  these  species  in  any  location  is, 
therefore,  considered  to  be  evidence  of  clear  access  to  that  location  from  the  sea. 
These  species  make  little  contribution  to  the  sport  fishery  although  post-spawners 
take  readily  on  flies.  Juveniles  are  important  as  a  forage  species  and  adults  on  the 
spawning  migration  support  important  commercial  fisheries  which  have  come  under 
study  in  recent  years  (Alexander  1984,  Alexander  and  Vromans  1984,  1985,  1986, 
Crawford  1983). 


Table  III  Mean  surface  area,  conductivity,  depth  (maximum  and  mean)  and  acidity  for  surveyed  Nova  Scotia  lakes. 
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Han.,  Hants;  Inv.,  Inverness;  Kin.,  Kings;  Lun.,  Lunenburg;  Pic.,  Pictou;  Que.,  Queens;  Ric.,  Richmond;  She.,  Shelbourne;  Vic.,  Victoria;  Yar.,  Yarmouth. 
1  May  include  four  species. 
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Coregonus  canadensis.  The  Acadian  whitefish  is  unique  to  Nova  Scotia.  Although  it 
was  not  caught  during  surveys,  its  presence  was  recently  confirmed  in  three  lakes 
near  Bridgewater  in  Lunenburg  County  with  evidence  for  a  marginal  population  in 
the  Annis  River,  Yarmouth  County  (Edge  1984).  A  population  in  the  Tusket  River 
appears  to  have  been  extirpated  by  acid  rain  (McAllister  et  al.  1985).  This  species  is 
classified  as  endangered  and  regulations  prohibit  its  harvest. 

Coregonus  clupeaformis.  Lake  whitefish  were  caught  in  13  surveyed  lakes.  Since 
this  species  is  known  to  have  been  reared  in  the  hatchery  program  and  distributed  to 
many  locations  in  the  province,  it  is  not  known  whether  existing  populations  are 
native  or  introduced.  Specimens  collected  from  a  survey  of  Pringle  Lake  (45°22'N; 
61°57'W),  Guysborough  County  in  1973  were  submitted  to  the  Royal  Ontario 
Museum  for  identification  because  of  the  potential  for  confusion  with  Acadian 
whitefish.  These  specimens  were  confirmed  to  be  lake  whitefish  (W.B.  Scott,  pers. 
comm.,  retired,  St.  Andrews,  New  Brunswick)  and  at  that  time  represented  the 
easternmost  record  for  the  species  in  Nova  Scotia.  The  species  has  since  been 
recorded  from  the  Mira  River,  Cape  Breton  (J.  Gilhen,  pers.  comm.,  Nova  Scotia 
Museum,  Halifax,  Nova  Scotia).  Lake  whitefish  in  Nova  Scotia  are  seldom  caught  by 
anglers.  Because  of  their  deep  water  habits,  it  is  likely  that  they  are  under-represented 
in  this  survey. 

Salmo  gairdneri.  Rainbow  trout  were  reported  from  only  four  surveyed  lakes  even 
though  the  species  has  been  released  to  numerous  locations  since  the  original 
introduction  through  the  hatchery  program  in  1899.  Some  populations  have  been 
maintained  through  annual  distributions,  often  in  “put-and-take”  recreational  fisher¬ 
ies.  In  addition,  rainbowtrout  have  been  increasingly  reared  in  the  growing  aquacul¬ 
ture  program  over  the  past  decade.  The  escape  of  rainbow  trout  from  the  Cape 
Breton  Development  Corporation’s  aquaculture  facilities  to  the  Bras  D'Or  Lakes  has 
been  sufficient  to  establish  a  popular  recreational  fishery.  There  is  evidence  (Sabean 
1983)  that  this  population  is  now  reproducing  naturally.  Rainbow  trout  will  likely 
continue  to  be  used  in  aquaculture  and  the  high  demand  for  a  recreational  fishery 
may  lead  to  expansion  of  put-and-take  fisheries  and  possibly  to  renewed  efforts  to 
establish  self-sustaining  populations. 

Salmo  salar.  Atlantic  salmon  were  recorded  from  only  12 surveyed  lakes,  but  survey 
crews  would  make  a  conscious  effort  to  avoid  their  capture  because  of  the  high 
public  profile  of  the  species.  Most  specimens  captured  were  juveniles,  probably  from 
anadromous  populations,  although  landlocked  Atlantic  salmon  occur  in  Lake 
Charles  and  Grand  Lake  (44°55’N;  63°36'W),  in  the  Shubenacadie  watershed  and 
probably  in  other  watersheds. 

Salmo  trutta.  The  brown  trout  was  first  introduced  to  Nova  Scotia  through  the 
hatchery  program  in  1925.  Historical  records  of  the  Department  of  Fisheries  and 
Oceans  show  distributions  to  all  counties  except  Hants,  Inverness,  Richmond  and 
Victoria.  Current  survey  results  show  brown  trout  to  be  present  in  only  14  of  the 
surveyed  lakes  in  six  counties.  Because  brown  trout  are  difficult  to  catch,  they  are 
probably  under-represented  here.  It  is  interesting  to  note  that  the  species  was 
recorded  from  Long  Lake,  Richmond  county  even  though  none  were  officially 
released  there.  This  suggests  unofficial  introductions,  natural  colonization  or  incom¬ 
plete  records.  Brown  trout  distributions  from  hatcheries  were  discontinued  in  1969 
because  of  low  angler  acceptance,  the  potential  for  undesirable  competition 
between  brown  trout  and  native  brook  trout  and  because  of  poor  production  results 
in  the  hatcheries.  There  is  a  growing  public  demand  to  continue  rearing  this  species 
(M.  Hill,  pers.  comm.,  Nova  Scotia  Department  of  Fisheries,  Pictou,  Nova  Scotia). 

Salvelinus  fontinalis.  The  brook  trout  was  second  only  to  the  white  sucker  ( Catos - 
tomus  commersoni)  in  frequency  of  occurrence  being  reported  in  402  (54%)  surveys. 
This  species  was  also  found  in  lakes  of  all  counties  although  the  number  caught  was 
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frequently  small.  The  brook  trout  is  the  species  most  preferred  by  anglers  in  Nova 
Scotia  (Cumming  1979)  and  has  been  the  focus  of  much  work  on  inland  fisheries 
management  in  the  province.  Historically,  this  management  activity  has  been  largely 
limited  to  distribution  of  hatchery-produced  fish.  Since  it  was  initiated  in  1873, 
however,  the  program  has  gone  through  an  evolutionary  process  which  started  with 
the  distribution  of  millions  offish  annually,  but  has  tended  toward  the  distribution  of 
fewer  but  larger  fish  in  recent  years.  Some  stocking  has  now  been  identified  as  purely 
put-and-take  while  maintenance  stocking  with  fall  fingerlings  has  been  advocated  on 
the  broader  scale.  The  effectiveness  of  this  stocking  program  may  be  improved 
through  judicious  selection  of  the  most  suitable  lakes  based  on  inventory  data. 

Salvelinus  namaycush.  Lake  trout  were  captured  only  in  Sherbrook  Lake  (Nine 
Mile  Lake),  Lunenburg  County,but  probably  occur  in  Dollar  Lake,  Halifax  County  (R. 
Semple,  pers.  comm.,  Science  Branch,  Freshwater  and  Anadromous  Division,  DFO, 
Scotia-Fundy  Region,  Halifax,  Nova  Scotia)  and  perhaps  others.  Collections  in  the 
Nova  Scotia  Museum  include  specimens  from  Pockwock  Lake  and  Dollar  Lake, 
Halifax  County  and  Nine  Mile  Lake  (Sherbrooke  Lake),  Lunenburg  County  (Gilhen 
1974).  As  with  lake  whitefish,  this  species  is  known  to  have  been  reared  in  the 
hatchery  program  and  distributed  to  many  locations  in  the  province  although 
records  of  occurrence  of  this  species  pre-date  any  hatchery  introductions.  It  is  not 
known  whether  existing  populations  are  native  or  introduced.  It  appears  that  the 
hatchery  distributions  were  not  highly  successful  in  establishing  self-sustaining  popu¬ 
lations  of  lake  trout.  However,  in  view  of  the  morphometric  characteristics  of  these 
lakes,  as  previously  discussed,  this  failure  is  not  surprising.  Lake  trout  are  currently 
unimportant  in  the  recreational  fishery. 

Osmerus  mordax.  Rainbow  smelt  were  caught  in  12  surveyed  lakes,  but  they  are 
difficult  to  capture  and  may  be  more  common.  Some  smelt  populations  are  believed 
to  be  landlocked  in  Nova  Scotia,  but  most  are  anadromous.  Rainbow  smelt  support  a 
hook  and  line  recreational  ice  fishery  in  several  brackish  water  locations  such  as 
Porter's  Lake,  Halifax  County,  and  in  some  freshwater  locations  where  the  legality  of 
the  fishery  is  questionable  under  current  regulations.  Rainbow  smelt  also  support  a 
fall  and  winter  commercial  box-net  fishery  and  a  spring  dip-net  fishery  which  could 
be  classed  as  recreational  or  subsistence  commercial. 

Esox  niger.  Chain  pickerel  were  caught  in  nine  of  the  surveyed  lakes.  Distribution 
was  limited  to  four  watersheds,  all  in  Yarmouth  County.  These  are  all  believed  to  be 
introduced  populations.  This  species  also  occurs  in  Digby  County  where  it  was 
illegally  introduced  to  the  Spectacle  Lake  system  in  about  the  1940's  (Gilhen  1974). 
Chain  pickerel  are  seldom  sought  by  anglers  in  Nova  Scotia,  and  there  is  concern  that 
they  could  displace  populations  of  native  trout  and/or  salmon. 

Notemigonus  crysoleucas.  Golden  shiner  were  reported  from  264  (35%)  lakes  and 
in  all  18  counties.  The  species  is  not  harvested  in  the  sport  fishery  but  is  used  as  bait. 
Use  of  this  or  other  species  as  bait  has  probably  contributed  to  unintentional 
introductions. 

Catostomus  commersoni.  The  white  sucker  was  caught  most  frequently,  occurring 
in  409  (55%)  surveyed  lakes.  This  species  was  found  in  all  counties,  but  is  seldom 
sought  by  anglers. 

Ictalurus  nebulosus.  Brown  bullhead  were  caught  in  272  (37%)  lakes,  but  were 
absent  from  surveyed  lakes  in  three  of  the  four  counties  of  Cape  Breton  Island. 

Fundulus  diaphanus.  Banded  killifish  were  reported  from  244surveyed  lakes  (33%) 
and  in  all  counties.  Because  of  the  survey  methods  used,  it  is  likely  that  this  species  is 
highly  under-represented.  Banded  killifish  are  frequently  used  as  bait  in  the  recrea¬ 
tional  fishery. 

Fundulus  heteroclitus.  The  mummichog  is  considered  to  be  very  common  in  Nova 
Scotia,  but  because  it  is  usually  found  only  in  salt  or  brackish  water,  the  species  was 
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recorded  from  only  ten  of  the  surveyed  lakes.  This  species  is  also  used  extensively  as 
bait  in  the  recreational  fishery. 

C asterosteidae.  Sticklebacks  were  identified  to  species  in  some  but  not  all  surveys. 
In  this  summary,  no  distinction  is  made  between  the  four  species  of  stickleback 
(Apeltes  quadracus ,  Culaea  inconstans,  Gasterosteus  aculeatus,  and  Pungitius  pungi¬ 
tius)  which  may  have  been  present.  Sticklebacks  occurred  in  90  lakes  (12%),  but 
because  of  their  small  size,  the  presence  of  these  species  is  probably  under-repre¬ 
sented. 

Morone  americana.  White  perch  were  captured  in  235  lakes  (32%)  and  in  all 
counties.  Gilhen  (1974)  reports  that  in  some  locations  they  may  reach  a  length  of  38 
cm  and  1.4  kg.  White  perch  may  be  found  in  either  fresh  or  saltwater  although  they 
are  not  saltwater  dependent.  This  is  the  preferred  species  of  very  few  anglers,  but  they 
do  contribute  to  the  recreational  fishery.  Anglers  frequently  mistake  them  for  small- 
mouth  bass  ( Micropterus  dolomieui). 

Morone  saxatilis.  Striped  bass  were  caught  only  in  Lake  Clear,  Annapolis  County. 
However,  because  this  species  is  anadromous  and  spawns  in  streams,  few  would  be 
expected  during  lake  sampling.  Striped  bass  contribute  to  the  commercial  fishery  in 
some  estuaries  and  to  prize  sport  fisheries  such  as  that  of  the  Annapolis  River  (Jessop 
and  Doubleday  1976)  although  the  future  of  that  fishery  is  in  jeopardy  because  of 
reproductive  failure  from  1972  to  1978  (Jessop  1980). 

Micropterus  dolomieui.  Smallmouth  bass  were  captured  in  11  lakes.  Historical 
records  of  the  Department  of  Fisheries  and  Oceans  show  that  this  species  was 
introduced  to  the  province  in  Bunker  Lake,  Yarmouth  County,  in  1942.  Introductions 
were  subsequently  made  to  lakes  in  at  least  half  the  counties  of  the  mainland. 
Naturally  reproducing  populations  of  smallmouth  bass  are  now  well  established  in 
many  locations  although  they  are  absent  from  Cape  Breton  Island.  Smallmouth  bass 
from  Nova  Scotia  tend  to  be  small  with  an  average  size  of  27.7  cm  recorded  for 
creeled  fish  in  Kings  County  in  1982  (Sabean  1984).  This  has  detracted  from  their 
popularity  in  the  sport  fishery  although  personal  observations  suggest  that  popularity 
has  increased  since  about  the  mid-1970’s.  As  expected,  public  requests  for  introduc¬ 
tion  of  smallmouth  bass  have  increased  accordingly.  There  is  concern  that  the  species 
can  displace  populations  of  native  sport  fish. 

Perea  flavescens.  Yellow  perch  were  captured  in  303  lakes  (41%),  but  were  notably 
absent  from  the  89  lakes  fished  in  the  four  counties  on  Cape  Breton  Island.  Even 
though  the  occurrence  of  most  species  is  under-represented,  it  is  unlikely  that  yellow 
perch  are  present  on  Cape  Breton.  Although  yellow  perch  occur  often  and  in 
relatively  large  numbers,  individual  size  is  generally  small.  This  small  size  could  be  a 
reflection  of  environmental  variables,  but  may  be  largely  a  result  of  genetic  factors 
currently  under  study  (G.E.  Newsome,  pers.  comm..  Department  of  Biology,  St. 
Francis  Xavier  University,  Antigonish,  Nova  Scotia). 

Cyprinidae.  With  the  exception  of  the  golden  shiner,  minnows  were  caught 
infrequently  during  the  lake  surveys.  Since  most  of  the  minnow  species  do  not  grow 
to  sizes  commonly  vulnerable  to  gill  nets,  they  are  considered  to  be  under¬ 
represented  in  this  summary.  These  species  include:  lake  chub  ( Couesius  plumbeus), 
common  shiner  ( Notropis  cornutus),  blacknose  shiner  (Notropis  heterolepis),  north¬ 
ern  redbelly  dace  ( Phoxinus  eos),  blacknose  dace  ( Rhinichthys  atratulus)  and  creek 
chub  (Se  mod  I  us  atromaculatus).  Minnows  are  frequently  caught  by  anglers  for  use  as 
bait  in  the  sport  fishery,  but  to  date,  commercial  captures  have  been  too  insignificant 
to  require  imposition  of  a  harvest  policy  such  as  that  recently  reviewed  for  Ontario 
(Anonymous  MS  1981). 

Marine  Species 

Nine  species  of  fish  which  occurred  infrequently  during  the  surveys  can  be 
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regarded  as  marine  species  which  were  present  in  brackish  water  of  some  lakes. 
These  species  are:  Atlantic  menhaden  ( Brevoortia  tyrannus),  Atlantic  tomcod 
( Microgadus  tomcod),  hake  ( Urophycis  sp.),  Atlantic  silverside  ( Menidia  menidia), 
cunner  {Tautogolabrus  adspersus),  butterfish  ( Peprilus  triacanthus),  Atlantic  sea  raven 
(Hemitripterus  americanus),  grubby  ( Myoxocephalus  aenaeus)  and  winter  flounder 
(Pseudopleuronectes  americanus). 

Species  associations 

In  addition  to  observations  on  the  peculiarities  of  distribution  of  each  fish  species, 
the  association  of  these  species  was  examined  by  comparing  the  frequency  of 
occurrence  (expressed  as  a  percentage  of  the  surveyed  lakes)  of  selected  fish  species 
in  each  county,  through  regression  analysis.  American  eel,  brook  trout,  golden 
shiner,  white  sucker,  brown  bullhead,  banded  killifish,  stickleback,  white  perch  and 
yellow  perch  were  included  in  this  comparison.  The  results  show  some  interesting 
trends  (Table  V). 

There  was  no  significant  correlation  between  the  occurrence  of  white  perch, 
banded  killifish  and  American  eel  and  the  occurrence  of  any  other  fish  species.  This 
probably  reflects  a  tolerance  by  these  species  to  a  wide  range  of  environmental 
factors.  In  the  case  of  American  eel,  the  species  distribution  is  considered  to  be  almost 
ubiquitous  even  though  it  was  caught  in  only  15  percent  of  the  surveyed  lakes.  Failure 
to  show  a  correlation  between  the  random  capture  of  American  eel  and  any  other 
species  therefore  is  to  be  expected. 

There  was  a  negative  correlation  between  the  occurrence  of  brook  trout  and  all 
other  species  except  stickleback.  This  correlation  was  significant  for  white  sucker  and 
was  highly  significant  for  brown  bullhead,  golden  shiner  and  yellow  perch.  The 
positive  correlation  with  stickleback  was  also  significant.  The  occurrence  of  stickle¬ 
back  showed  a  significant  negative  correlation  with  brown  bullhead  and  a  highly 
significant  negative  correlation  with  yellow  perch.  Highly  significant  positive  correla¬ 
tions  were  also  shown  between  the  occurrence  of:  golden  shiner  and  brown  bull¬ 
head;  golden  shiner  and  white  sucker;  golden  shiner  and  yellow  perch;  and  brown 
bullhead  and  yellow  perch. 

Positive  correlations  such  as  that  between  brook  trout  and  stickleback  probably 
indicate  a  preference  by  the  two  species  for  similar  environmental  conditions. 
Negative  correlations  such  as  that  between  brook  trout  and  yellow  perch  probably 
indicate  a  preference  by  the  two  species  for  dissimilar  environmental  conditions 
although  it  could  also  indicate  species  interactions  detrimental  to  the  success  of  one 
of  the  two  species.  These  species  interactions  are  known  to  influence  growth  and 
survival  of  planted  salmonids  (Fraser  1972,  1978a,  1978b,  1981). 

Survey  results  of  the  type  provided  here  are  increasingly  important  to  the  selection 
of  waters  for  future  fisheries  management.  This  will  include  more  selective  use  of 
hatchery  reared  fish,  but  may  be  expanded  to  include  more  restrictive  regulations  or 
other  management  techniques. 
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Table  V  Correlation  coefficients  from  regression  analysis  of  frequency  of  occurrence  of  selected 
fish  species  in  Nova  Scotia  lake  surveys. 


Salvelinus 

Notemigonus 

Catostomus 

Species 

fontinalis 

crysoleucas 

commersoni 

Anquilla  rostrata 

-0.059 

0.148 

0.336 

Salvelinus  fontinalis 

-0.724** 

-0.477* 

Notemigonus  crysoleucas 
Catostomus  commersoni 

Ictalurus  nebulosus 

Fundulus  diaphanus 
Gasterosteidae1 

Morone  americana 

0.607** 

1  May  include  four  species. 

*  Indicates  significance  at  95%  confidence  limit. 
**  Indicates  significance  at  99%  confidence  limit. 
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Table  V  continued 


Species 

Ictalurus 

nebulosus 

Fundulus 

diaphanus 

Gasterosteidae1 

Morone 

americana 

Perea 

flavescens 

Anquilla  rostrata 

-0.152 

0.016 

-0.394 

0.123 

0.234 
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-0.681** 

-0.083 

0.489* 

-0.292 

-0.743** 
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0.681** 

0.287 
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0.095 

0.751** 

Catostomus  commersoni 

0.350 

0.199 

-0.032 

0.183 

0.425 

Ictalurus  nebulosus 

0.112 

-0.569* 

0.064 

0.850** 

Fundulus  diaphanus 

0.292 

0.083 

0.035 

Gasterosteidae1 

-0.238 

-0.688** 

Morone  americana 

0.148 

1  May  include  four  species. 

*  Indicates  significance  at  95%  confidence  limit. 

**  Indicates  significance  at  99%  confidence  limit. 
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Gammons  Pond  44°55'N;  62°21'W  Gammons  P.  ES177  L&F  N/A  73  67.0  6.3  7.7  7.6  N/A  4,5,6,15 

Gammons  Pond  44°55'N;  62°21'W  Gammons  P.  ES177  L&F  07  81  79.0  6.0  7.5  10.0  2.8  2,5,12 

Goose  Lake  44°42'N;  63°20'W  Porters  L.  ES264  L&F  09  74  36.0  6.7  44.4  9.1  2.6  1,2 

Goose  Pond  44°55'N;  62°20'W  None  ES175  L&F  07  72  N/A  N/A  8.1  6.1  3.7  2,3 

Governor  Lake  45°13'N;  62°40'W  East  R.  ES185  L&F  08  73  16.7  6.4  651.6  12.8  N/A  1,2,3,4 
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ALEXANDER,  KEREKES  &  SABEAN 
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ALEXANDER,  KEREKES  &  SABEAN 
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SHELBURNE  COUNTY 

Alvin  Harbour  43°43'N;  65°24'W  Alvin  L.  FA10  L&F  06  80  43.5  6.5  21.3  4.0  1.7  4,5 

Beaverdam  Lake  43°54'N;  65°23'W  Roseway  R.  FA6  L&F  08  80  31.5  6.3  15.0  3.3  1.6  4,12,21 

Beaverdam  Lake  43°40'N;  65°26'W  Round  Bay  R.  FA15  L&F  06  80  39.0  6.0  136.4  6.0  2.0  2,4 

Birchtown  Lake  43°51'N;  65°24'W  Birchtown  B.  FA7  L&F  08  80  33.0  6.0  253.7  2.0  0.5  2,4,12,21 
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Unnamed  Lake  44°11'N;  65°20'W  Mersey  R.  SS114  L&F  06  74  29.0  4.8  6.8  4.6  1.4  4,21 

Unnamed  Lake  44°10'N;  65°20,W  Mersey  R.  SS114  L&F  07  74  29.0  5.2  9.0  6.7  2.5  2,12,21 

Wainwright  Lake  44°09'N;  65°23'W  Jordan  R.  SS153  L&F  06  74  29.0  6.5  20.2  15.5  3.9  2,3,4,12,21 

Wall  Lake  43°46'N;  65°04'W  Wall  B.  SS145  L&F  07  80  41.0  5.0  52.9  1.6  1.3  4,12 

West  Horseshoe  Lake44°02'N;  65°29'W  Roseway  R.  FA6  L&F  08  67  N/A  5.0  90.3  9.5  3.3  2,4,5,21 


Watershed  Survey  Date  Conduct.  Surface  Depth 

Lake  Co-ordinates  Name  Code  Agency  Mo.  Yr.  (jumhos/cm)  pH  Area  (ha)  Max.  Mean  Fish  Species 
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YARMOUTH  COUNTY 

Agard  Lake  43°55'N;  66°00'W  Tusket  R.  FA53  L&F  07  81  41.6  6.3  45.8  8.0  3.0  1,3,4,5,12,18,21 

Allen  Lake  43°57'N;  66WW  None  FA66  DFO  07  74  87.9  6.8  95.8  12.0  3.2  1,2,3,4,10,12,18,21 

Allen  Lake  43°57'N;  66°09'W  Little  L.  FA66  L&F  08  81  114.0  7.3  90.5  14.0  3.5  1,3,4,21 


FISH  SPECIES  IN  NOVA  SCOTIA  LAKES 
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RECOMMENDATIONS  AUX  AUTEURS 


l.evue  Proceedings  of  the  Nova  Scotian  Institute  of  Science  publie  les  travaux  de  I’lnstitut,  des  articles 
inaux  et  des  notes  avant  trait  aux  sciences  naturelles  aux  Provinces  atlantiques,  surtout  dans  les 
naines  de  la  biologie  et  de  la  geologie.  Les  manuscrits  peuvent  etre  en  anglais  ou  en  fran^ais,  et  seront 
[nis  a  I'avis  d'experts  avant  d'etre  acceptes. 
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[jscules  a  I'impression.  La  mise  en  page  et  la  typographic  suivront  le  modele  du  present  ouvrage.  Le  texte 
[inal  doit  etre  accompagne  d'une  copie.  Chaque  page  doit  etre  numerote,  la  premiere  page  ne  portant 
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“Soft”  cod  Gadus  morhua  are  a  regular  economic  problem  in  fisheries  on  the  Scotian  Shelf.  A 
preliminary  study  has  been  conducted  and  a  low  fat  content  in  viscera  is  the  principal  abnormality. 
The  lipid  content,  lipid  class  profiles,  and  fatty  acids  of  the  fillets  from  two  "soft  oily”  cod  were  also 
examined  in  this  study  and  were  relatively  similar  to  those  of  one  "control”  fish  as  well  as  to  "normal” 
Atlantic  cod.  It  was  however  observed  that  the  fatty  acid  details  of  the  soft  oily  cod  were  slightly 
different  from  those  in  the  literature  for  "normal”  Atlantic  cod.  The  aquarium-held  control  fish 
supplied  by  Fisheries  and  Oceans  Canada  also  had  a  slightly  different  fatty  acid  composition.  Lipids 
could  not  be  directly  associated  with  the  soft  cod  condition. 

La  presence  de  cabillaud  "mou”  est  un  probleme  economique  frequent  dans  les  pecheries  de  la 
plate-forme  “Scotian”.  Une  etude  preliminaire  a  montre  que  I’abnormalite  pri nci pale  est  le  teneur  en 
lipides  bas  des  visceres.  Le  teneur  en  lipides,  le  profile  de  classe  de  lipides,  et  des  acides  gras  des  filets 
de  deux  capabillauds  “moux  et  gras”  etaient  examine  dans  cette  etude  et  on  ete  relativement 
similaires  a  ceux  d’un  poisson  de  controle  aussi  bien  qu’a  ceux  d’un  cabillaud  d’Atlantique  “nor¬ 
ma  le  ’.  Cependant,  on  a  re  marque  que  les  details  des  acides  gras  de  ces  cabillauds  etaient  legerement 
differentes  de  cedes  trouvees  dans  la  litterature  pour  le  cabillaud  d’Atlantique  "nor male”.  La  compo¬ 
sition  des  acides  gras  du  poisson  fourni  par  la  Departement  de  Peches  et  d’Oceans  du  Canada  et 
maintenu  en  aquarium  etait  aussi  legerement  differente.  La  condition  des  cabillauds  "moux  et  gras” 
ne  pouvait  pas  etre  lies  directement  aux  lipides. 


Introduction 

“Soft"  cod  is  a  seasonal  and  localized  problem  in  the  Nova  Scotian  fishing  industry 
but  of  unknown  etiology.  In  mid  to  late  summer,  and  usually  in  specific  areas,  for 
example  the  Emerald  Bank,  cod  Gadus  morhua  can  be  taken  but  are  difficult  to 
handle  and/or  process  because  of  the  “soft"  musculature.  This  condition  is  some¬ 
times  apparent  when  the  fish  are  caught,  but  it  may  also  develop  after  a  few  days  on 
ice,  and  can  occur  in  haddock  and  other  species.  Fishermen  avoid  known  soft  cod 
areas  and  often  have  to  go  further  afield  to  catch  cod.  It  is  therefore  an  economic 
problem  of  some  significance. 

Previous  investigations  by  Fisheries  and  Oceans  Canada  showed  that  no  known 
disease,  protozoan,  or  bacterial  infection  could  be  associated  with  the  soft  cod 
problem.  The  observation  that  such  fish  were  feeding  heavily,  often  on  sand  launce 
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Ammodytes  americanus,  suggested  a  dietary  factor.  In  an  examination  of  sand  launce 
oil  (Ackman  and  Eaton  1971)  a  non-saponifable  content  of  2.4%  was  noted,  but  the 
material  was  not  defined.  This  was  higher  by  a  factor  of  2to  4than  for  herring  oils,  and 
agreed  with  a  report  of  3.56%  of  unsaponifiable  material  in  North  Sea  sand  launce 
(Holmer  1967).  This  suggested  an  investigation  of  lipids  as  a  starting  point  for  the  soft 
cod  problem. 

Occasional  reports  of  soft  cod  or  haddock  having  a  dimethyl  sulfide  odor  (cf. 
Ackman  et  al.  1967)  also  suggested  a  dietary  factor,  but  not  necessarily  lipid-oriented. 


Materials  and  Methods 


Fish  samples 

Fillets,  stomachs  and  all  other  viscera  from  seven  cod  samples  were  supplied  to  the 
Canadian  Institute  of  Fisheries  Technology  on  25th  October,  1984  by  Fisheries  and 
Oceans  Canada,  for  analyses  for  lipid  content  and  lipid  class  and  fatty  acid  profiles. 
Out  of  these  seven  fish,  four  were  categorized  by  Fisheries  and  Oceans  Canada  as 
"soft  oily”  cod.  The  other  three  were  control  fish,  from  stocks  maintained  in  the 
Fisheries  and  Oceans  aquarium  in  Halifax.  Fish  described  as  dressed  had  been  gutted 
prior  to  receipt  and  viscera  were  not  available.  The  code  names  and  the  description  of 
the  samples  are  given  in  Table  I. 

Analyses 

The  lipids  were  extracted  with  chloroform:  methyl  alcohol:  water  according  to  the 
Bligh  and  Dyer  (1959)  procedure.  The  recovered  lipids  were  analysed  for  lipid  class 
composition  by  the  latroscan  (Technical  Marketing  Ass.)  technique  (Ackman  1981). 
Chromarods-S  were  developed  in  hexane:  diethyl  ether:  formic  acid  97:3:1  (v/v/v). 
Some  selected  total  lipid  samples  were  transesterified  with  boron  trifluoride:  methyl 
alcohol  (Morrison  and  Smith  1964).  The  recovered  fatty  acid  methyl  esters  were 
examined  by  Gas-liquid  chromatography  ( CLC )  on  a  Supelcowax-10  (Supelco  Can¬ 
ada  Ltd.)  fused  silica  capillary  column,  50  m  x  0.24  mm,  as  described  by  Ackman  (1986). 


Table  I  Description  of  the  samples  and  their  lipid  percentages 


Sample* 

Fillet 

%  Lipid  (w/w) 

Viscera** 

Stomach  and 
Contents 

Dressed  SO-1 

0.77 

— 

— 

Round  SO-2 

0.71 

13.4 

0.98 

Dressed  SO-3 

0.61 

— 

— 

Round  SO-4 

0.63 

16.2 

2.04 

Round  CO-1 

0.68 

55.3 

4.82 

Round  CO-2 

0.64 

36.6 

1.85 

Dressed  CO-3 

0.67 

*  SO  =  "soft,  oily”  fish 
CO  =  control  fish 
**  including  liver 
—  Not  determined 
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Results  and  Discussion 

The  lipid  percentages,  lipid  compositions  and  the  fatty  acid  compositions  of  the 
various  cod  samples  are  given  in  Tables  I,  II  and  III  respectively. 

The  latroscan  flame  ionization  detector  area  responses  for  fillets  (Table  II)  were 
heavily  biased  by  the  dominance  of  the  phospholipids.  Conversely,  lipids  of  the 
viscera  and  stomachs  were  dominated  by  triglycerides.  They  are  therefore  reported 
simply  as  area  %  since  normal  correction  procedures  (Parrish  and  Ackman  1985) 
would  have  been  very  difficult  to  apply. 

An  unexpected  result  was  the  very  low  lipid  content  of  the  viscera  of  two  soft  cod 
(Table  I).  It  should  be  noted  that  the  lipid  content  in  the  viscera  is  variable,  depending 
mainly  on  the  nutritional  and  reproductive  status  of  the  fish.  The  viscera  did  not 
include  ripe  or  ripening  gonads  and  therefore  the  liver  was  quantitatively  the  most 
important  component.  The  liver  is  normally  30-50% fat  and  plays  an  important  role  in 
the  "conditio n”  of  the  fish  (Jangaard  et.  al.  1967a).  As  expected  the  visceral  lipids  from 
the  two  control  samples  were  mostly  triglycerides,  whereas  those  of  the  soft  oily  cod 
showed  only  about  90%  triglycerides,  the  rest  being  mostly  phospholipids  (Table  II). 
In  a  study  of  Nova  Scotian  cod  livers  (O’Keefe,  1984)  only  3  of  71  livers  had  less  than 
25%  lipids. 

The  variations  in  the  stomach  lipid  compositions  (Table  II)  are  apparently  due  to 
the  different  types  of  food  in  the  stomachs.  The  lipid  content  in  the  stomachs  were 
low  and  varied  from  0.98  to  4.82%.  Visual  examination  of  the  soft  oily  cod  (SO-2  and 
SO-4)  showed  some  undigested  clams  and  fish  bones  in  their  stomachs.  The  stomach 
contents  of  the  control  fish  could  not  be  identified  by  visual  examinations.  They  are 
normally  fed  chopped  herring,  supplemented  with  beef  liver. 


Table  II  Lipid  composition  of  the  cod  samples  as  determined  by  the  latroscan  TLC/FID 


Sample 

Fillets 

SE 

FFA** 

latroscan  Area  %  * 
FFAt  TG 

CHL 

PL 

Dressed  SO-1 

— 

TR 

TR 

TR 

1.4 

98.6 

Round  SO-2 

TR 

TR 

TR 

TR 

5.4 

94.6 

Dressed  SO-3 

TR 

TR 

TR 

TR 

4.3 

95.7 

Round  SO-4 

— 

— 

— 

— 

TR 

100 

Round  CO-1 

— 

TR 

TR 

TR 

4.7 

95.3 

Round  CO-2 

— 

TR 

— 

TR 

3.5 

96.5 

Dressed  CO-3 

— 

— 

— 

— 

1.7 

98.3 

Viscera 

Round  SO-2 

— 

— 

— 

90.8 

TR 

9.2 

Round  SO-4 

— 

— 

— 

90.4 

TR 

9.6 

Round  CO-1 

— 

— 

— 

100 

— 

— 

Round  CO-2 

— 

— 

— 

100 

TR 

— 

Stomach 

Round  SO-2 

— 

1.7 

2.6 

1.2 

15.5 

78.9 

Round  SO-4 

— 

TR 

TR 

83.4 

2.7 

13.9 

Round  CO-1 

— 

— 

TR 

95.1 

TR 

4.9 

Round  CO-2 

— 

3.3 

4.5 

56.7 

4.1 

29.5 

*  The  latroscan  TLC/FID  responses  were  not  corrected  to  w/w%.  TR,  trace;  SE,  steroid  esters; 
FFA,  free  fatty  acids;  TG,  triglyceridecs;  CHL,  cholesterol;  PL,  phospholipid. 

**  Primarily  saturated  acids  (e.g.  16:0). 
t  Primarily  polyunsaturated  acids  (e.g.  22:6n3). 
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Table  III  Fatty  acid  composition  of  total  lipids  of  selected  cod  samples  in  w/w  %. 


Fatty* 

Acid 

Fillet 

SO-2 

Fillet 

SO-4 

Fillet 

CO-2 

Viscera 

SO-2 

Stomach 

SO-2 

14:0 

2.6 

2.9 

6.0 

7.9 

6.0 

Iso  15:0 

— 

— 

— 

0.7 

— 

15:0 

0.7 

0.6 

0.7 

0.9 

1.2 

Iso  16:0 

— 

— 

— 

0.3 

— 

Anteiso  16:0 

— 

— 

— 

0.3 

— 

16:0 

29.2 

32.0 

24.1 

17.9 

21.6 

17:0 

0.3 

0.2 

0.3 

0.3 

0.8 

Iso  18:0 

0.2 

0.1 

0.2 

0.2 

0.3 

18:0 

3.8 

3.9 

2.6 

2.0 

5.4 

19:0 

0.2 

0.2 

0.1 

— 

0.2 

20:0 

— 

— 

<0.1 

<0.1 

0.1 

Total  saturates 

37.0 

39.9 

34.0 

30.5 

35.6 

16:1n7 

2.4 

2.4 

5.2 

12.3 

5.8 

16:1n5 

0.5 

0.4 

0.6 

0.4 

0.4 

18:1n11 

— 

— 

— 

— 

0.3 

18:1n9 

6.5 

5.7 

12.4 

12.6 

8.3 

18:1n7 

4.0 

2.8 

3.0 

5.1 

3.2 

18:1n5 

0.3 

0.3 

0.5 

0.4 

0.3 

20:1n11 

0.3 

0.2 

0.7 

1.3 

3.2 

20:1n9 

1.4 

1.4 

4.0 

5.9 

2.6 

20:1  n7 

0.1 

0.1 

0.1 

0.5 

0.3 

22:1n5 

— 

— 

— 

0.1 

0.1 

22:1n11  +  13 

0.2 

0.6 

1.0 

0.5 

0.3 

22:1n9 

<0.1 

— 

0.1 

0.5 

0.3 

22:1n7 

— 

— 

— 

0.1 

0.1 

24:1n9 

— 

0.1 

0.3 

0.2 

0.2 

Total  monoenes 

15.7 

14.0 

27.9 

42.8 

27.2 

16:2n6 

— 

— 

— 

— 

0.5 

16:2n4 

0.1 

0.2 

0.4 

0.7 

1.1 

18:2n6 

1.1 

0.7 

2.0 

1.3 

0.9 

18:2n4 

0.1 

0.1 

0.1 

0.2 

0.2 

20:2NMID 

— 

— 

— 

— 

0.8 

20:2n6 

0.1 

0.1 

0.1 

0.2 

0.2 

Total  dienes 

1.4 

1.1 

2.6 

2.4 

3.7 

16:3n4 

0.3 

0.1 

0.2 

0.4 

— 

18:3n6 

0.1 

0.1 

0.1 

0.1 

0.2 

18:3n4 

0.1 

0.1 

0.1 

0.2 

0.2 

18:3n3 

0.3 

0.2 

0.3 

0.7 

0.2 

The  level  of  fillet  lipids  in  the  present  study  fell  within  the  range  of  values  expected 
(0. 5-0.7%)  for  Atlantic  cod,  Gadus  morhua  (Jangaard  et.  al.  1967a;  Addison  et.  al.  1968). 
There  was  no  apparent  difference  in  the  fillet  lipid  levels  between  the  control  and  the 
soft  oil  samples  or  in  relation  to  visceral  lipid. 

The  lipid  class  compositions  for  the  fillets  (Table  II)  are  all  generally  similar,  except 
for  one  soft  oily  cod  (SO-4)  which  showed  even  more  phospholipid  than  in  the  other 
samples.  Probably  this  finding  was  correlated  with  a  low  visceral  lipid.  Phospholipid 
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Table  III  continued 


Fatty 

Acid 

Fillet 

SO-2 

Fillet 

SO-4 

Fillet 

CO-2 

Viscera 

SO-2 

Stomach 

SO-2 

20:3n6 

— 

— 

0.1 

<0.1 

0.1 

20:3n3 

0.1 

0.1 

<0.1 

0.1 

0.1 

Total  trienes 

— 

— 

— 

0.1 

— 

16:4n3 

— 

— 

0.2 

0.5 

0.2 

16:4n1 

— 

— 

0.2 

0.5 

0.2 

18:4n3 

0.4 

0.3 

0.4 

1.5 

0.6 

18:4n1 

0.1 

0.1 

0.1 

0.2 

0.1 

20:4n6 

1.7 

1.4 

2.5 

0.4 

2.2 

20:4n3 

0.3 

0.3 

0.3 

0.4 

0.3 

22:4n6 

— 

— 

0.4 

— 

0.2 

Total  tetraenes 

2.5 

2.1 

4.0 

3.1 

3.6 

18:5n3 

— 

— 

— 

0.1 

2.5 

20:5n3 

17.1 

16.9 

12.3 

8.1 

12.1 

21 :5n3 

0.3 

0.5 

0.3 

0.3 

0.6 

22:5n6 

0.6 

0.4 

0.3 

0.2 

0.4 

22:5n3 

0.8 

1.4 

1.3 

1.0 

1.6 

Total  pentaenes 

18.8 

19.2 

14.2 

9.7 

17.2 

22:6n3 

24.0 

23.6 

16.5 

10.3 

12.5 

Calc,  iodine  value 

224.8 

220.9 

188.1 

149.9 

179.6 

*  Fatty  acid  notation  indicates:  Number  on  left  of  colon  is  the  number  of  carbon  atoms  in  the 
fatty  acid  chain;  on  the  right  of  the  colon,  the  number  of  ethylenic  bonds;  the  number  to  the 
right  of  "n”  is  the  position  of  the  ethylenic  bond  nearest  to  the  terminal  methyl  group. 


was  the  major  lipid  component  in  all  the  fillet  samples,  and  sterol  was  the  only  other 
quantitatively  important  lipid  component.  Triglyceride  was  found  in  small  amounts  in 
all  samples  and  was  found  to  be  accompanied  by  an  equal  amount  of  diacyl  glyceryl 
ethers  (Ratnayake  et  al.,  1986),  hitherto  not  reported  for  cod  flesh  lipids.  It  is  con¬ 
cluded  that  there  was  possibly  more  lipid  in  the  fillet  from  the  soft  oily  cod  than  the 
controls,  but  the  small  number  of  samples  precluded  a  definitive  comparison. 

The  fatty  acid  profiles  of  five  cod  lipid  samples  are  given  in  Table  III.  The  fatty  acid 
compositions  of  the  fillets  from  the  two  soft  oily  cod  samples  (SO-2  and  SO-4)  were 
basically  similar  to  those  published  by  Jangaard  et.  al.  1967b  and  by  Addison  et.  al. 
1968,  in  studies  on  the  flesh  lipids  of  Atlantic  cod,  but  were  different  in  important 
details.  Palmitic  acid  (16:0)  at  29.2  and  32.0%  was  much  higher  than  literature  values 
(ca.  20%).  Conversely  octadecenoic  acids  (18:1)  at  10.8and  8.8%  respectively  were  less 
than  previous  totals  of  12-13%.  Of  the  two  major  polyunsaturated  acids,  20:5n3  at 
about  17%  was  almost  exactly  the  same  as  in  previous  reports,  whereas  22:6n3  at 
about  24%  was  less  than  previous  reports  of  30-33%  from  the  two  independent 
studies. 

Unexpectedly  the  fattyacid  composition  of  the  lipids  from  the  control  fish  differed 
from  previous  reports  and  was  also  different  from  the  two  soft  oily  cod.  According  to 
the  Addison  et.  al.  (1968)  results,  the  major  fatty  acids  of  male  cod  flesh  are  16:0, 18:1, 
20:5n3  and  22:6n3  with  weight  percentages  of  19.6,  13.8,  17.0  and  29.8  respectively. 
From  the  Table  III  results,  it  is  clear  that  the  percentages  of  the  above  four  major  fatty 
acids  from  the  lipids  of  the  control  cod  are  distinctly  different.  Especially,  the  control 
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cod  flesh  lipid  showed  relatively  low  proportions  of  20:5n3  and  22:6n3  and  corres¬ 
pondingly  was  enriched  with  monoethylenic  fatty  acids.  Unfortunately  a  sample  of 
only  one  fish  is  always  suspect  (Takahashi  et.  al.  1985)  and  a  more  thorough  investiga¬ 
tion  is  indicated.  It  should  be  noted  that  Jangaard  et.  al.  (1967b)  averaged  12seasonal 
samples  and  Addison  et.  al.  published  averages  from  four  fish  of  each  sex.  Whether 
aquarium-held  cod  are  reliable  comparison  samples  for  lipid  and  fatty  acid  studies  is 
an  open  question. 

The  fatty  acid  composition  of  the  viscera  of  SO-2  was  similar  to  that  of  normal 
Atlantic  cod  livers  (Jangaard  et.  al.  1967b;  Addison  et.  al.  1968)  with  16:0,  16:1,  18:1, 
20:1,  22:1,  20:5n3,and  22:6n3as  major  fatty  acids.  A  novel  fatty  acid,  20:2  A  5,  A  13was 
tentatively  identified  from  the  stomach  of  a  soft  oily  cod  (SO-2).  This  and  other 
non-methylene-interrupted  fatty  acids  are  minor  fatty  acids  among  those  of  Atlantic 
molluscs  and  other  invertebrates  (Paradis  and  Ackman  1977).  In  this  connection 
Limacina  helicina,  a  mollusc,  is  a  known  factor  in  the  food  web  transfer  of  dimethyl-2- 
carboxyethyl  sulfonium  chloride  and  its  breakdown  product,  dimethylsulfide,  to 
economically  valuable  fish  such  as  cod  (Ackman  et.  al.  1967;  Botta  et.  al.  1985)  or 
mackerel  (Ackman  et.  al.  1972).  The  acrylic  acid  accompanying  the  dimethylsulfide 
could  lead  to  protein  breakdown  post-mortem  but  this  line  of  investigation  was  not 
pursued.  Protease  activity  (Ando  et.  al.,  1986)  seems  more  probable.  These  enzymes 
are  known  to  produce  a  "jellied"  condition  in  American  plaice  Hippoglossoides 
platessoides  (Templeman  and  Andrews  1956),  or  in  other  species  (Konagaya  1984). 

These  preliminary  results  suggest  that  although  the  lipid  content  in  fillets  of  "soft 
cod"  is  similar  to  that  reported  in  the  literature  for  normal  fish,  the  visceral  lipid  is 
abnormally  low.  There  also  appears  to  be  abnormalities  in  the  fatty  acid  composition 
of  fillets  of  "soft  cod",  but  substantiation  of  these  inferences  requires  detailed  studies 
on  large  samples  of  control  fish  and  of  "soft  cod". 
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An  improved  version  of  a  recently  developed  (Clements  and  Leon,  1986)  isometric  mapping 
procedure  is  presented.  This  algorithm  employs  a  variable  step  differential  equation  solver  (ODES)  in 
conjunction  with  an  adaptive  quadrature  routine  (AQR).  Criteria  for  choosing  appropriate  error 
tolerances  for  the  numerical  implementation  of  the  algorithm  are  presented.  An  application  is  briefly 
discussed. 

Une  version  amelioree  d’un  procede  d'application  isometrique  developpe  recemment  est  pre¬ 
sentee.  Cet  algorithme  utilise  une  routine  de  resolution  d’equations  differentielles  a  etape  variable 
avec  une  routine  adaptive  de  quadrature.  Les  criteres  a  considerer  en  choisissant  les  tolerances 
admissibles  pour  Tapplication  numerique  de  cet  algorithme  sont  discutes.  Une  application  est 
brievement  discutee. 


Introduction 

The  availability  of  fast,  economical  computing  capability  provides  small  manufac¬ 
turing  operations  with  the  potential  for  substantially  automating  and  improving 
existing  design  procedures  and  production  techniques.  This  development  has  per¬ 
mitted  the  direct  application  of  advanced  mathematical  methods  and  results  to  the 
solution  of  problems  which  hitherto  have  been  avoided  because  of  the  computa¬ 
tional  complexity  involved.  The  implementation  of  this  mathematical  analysis  in  the 
form  of  computer  programs  yields  what  is  often  referred  to  as  scientific  or  engineer¬ 
ing  software. 

In  the  construction  of  steel  ship  hulls  (Fig  2),forexample,thestandard  procedure  is 
to  loft  (from  preliminary  design  plans)  the  vessel  at  full  scale  often  using  an  oak  stick 
called  a  spline  to  manually  fair  or  “smooth”  each  hull  line.  The  frames  are  constructed 
from  the  offset  data  obtained,  set  vertically  in  place  and  tack-welded  together.  The 
steel  plate  is  then  measured,  cut  and  welded  to  the  frames  in  sections.  Sometimes  the 
hull  plating  is  difficult  and  time  consuming  since  one  cannot  predict  if  the  plate  can 
be  shaped  to  conform  exactly  to  each  frame  member  with  simple  unidirectional 
bending.  This  is  particularly  true  in  the  areas  of  large  curvature  such  as  the  bow  where 
the  accepted  practice  is  to  patch  with  small  triangular  plate  sections. 

Clearly  there  is  a  requirement  for  a  computer  system  which  could  use  preliminary 
hull  design  data  to  mathematically  define  and  fair  all  hull  lines;  determine  if  the 
resulting  hull  surfaces  are  developable  and,  if  not,  automatically  modify  the  existing 
hull  lines  to  ensure  developability;  generate  graphic  displays  of  waterlines,  buttock 
lines  and  frame  stations  and  use  these  to  compute  elementary  hydrostatics,  and  to 
generate  detailed  tables  of  offsets  for  both  the  required  frame  members  and  the 
developable  hull  surfaces  mapped  (expanded)  onto  a  flat  plane  surface  (See  Fig  3). 
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This  last  step  eliminates  the  full  scale  lofting  and  manual  fairing  and  permits  the 
precutting  from  a  plane  pattern  of  single  hull  plate  sections  of  50  feet  or  more  in 
length  and  ensures  that  the  plate  will  fit  at  all  points  of  each  frame  member  with 
unidirectional  bending.  The  use  of  developable  hull  forms  in  shipbuilding  offers  the 
advantages  of  lower  cost  and  faster  and  simpler  construction  techniques  (Clements 
and  Leon  (1986)  and  Clements  (1981)).  Indeed,  the  isometric  mapping  of  developable 
surfaces  or  "plate  expansion"  is  a  basic  problem  in  many  other  manufacturing  and 
construction  programs.  The  engineering  system  specifications  listed  were  met  by 
SYSTEM  DEVHULL(Clements1981)  which  consistsof  nineteen  component  programs 
and  approximately  10,000  lines  of  FORTRAN  source  code.  In  this  paper  the  mathem¬ 
atical  analysis  and  its  application  will  be  discussed  for  a  specific  improvement  to  the 


plate  expansion  component  of  the  system. 

In  Differential  Geometry  a  surface  S  in  three  dimensional  Euclidean  space  R3  is 
called  a  ruled  surface  if  it  contains  a  one  parameter  family  of  straight  lines  called 
generators  or  ruling  lines  r  which  can  be  chosen  as  coordinate  curves  on  the  surface. 
A  developable  surface  is  a  ruled  surface  defined  by  nonintersecting  generators  which 
has  the  same  tangent  plane  at  all  points  of  each  generator  (Fig  1).  We  shall  be 
concerned  here  with  developable  surfaces  which  can  be  represented  in  the  form 


S(s,  t)  =  f(s)  +  tr (a),  a  <  s  <  b,  0  <  t  <  1. 

where  f  and  r  are  twice  continuously  differentiable  vector  functions  in  R3.  The  term 
"developable"  refers  to  the  property  that  by  a  succession  of  small  rotations  about 
each  of  the  generating  lines  the  surface  can  be  laid  flat  or  developed  onto  a  plane 
without  stretching  or  tearing.  That  is,  it  can  be  mapped  isometrically  (and  isogonally) 
onto  a  subset  of  R2.  Conversely,  a  plane  surface  material  can  be  shaped  into  a 
developable  surface  with  only  simple  unidirectional  bending  along  the  generating 
lines. 

In  Clements  and  Leon  (1986)  and  Clements  (1984)  a  fast  and  accurate  algorithm  was 
derived  to  accomplish  isometric  mapping  based  on  the  relationship  between  the 
ruling  lines  r(s)  generating  the  developable  surface  Sand  one  additional  geodesic  g(s) 
constructed  within  the  surface  as  the  solution  of  the  nonlinear  second  order  ordinary 
differential  equation. 

g(s)  •  (g(s)xn)  =  0,  a  <  s  <  b,  0) 

where  s  is  the  real  parameter,  •  and  x  are  the  usual  scalar  and  vector  products 
respectively,  •  =  d/ds,  and  n  is  the  unit  normal  to  S  at  g(s).  The  mapping  procedure 
m:  r  — •  R  is  defined  in  terms  of  the  ruling  line  lengths  ||r(s)  ||,  the  arclengths 
along  g(s)  and  the  angles  of  intersection  of  r(s)  and  g(s).  Since  g(s)  is  a  geodesic  in  the 
developable  surface  S,  its  image  under  the  isometric  mapping  must  be  a  straight  line 
in  the  plane  and,  for  simplicity,  is  taken  to  be  the  positive  real  x  axis  (Fig  1).  Each 
ruling  line  is  then  mapped  into  the  corresponding  plane  coordinate  line  R  in  the 
developed  surface. 

The  solution  process  requires  the  numerical  solution  of  the  coupled  integro- 
differential  equation  system  consisting  of  (1)  and 

lk  =  Sk/sk_1  || 9  (s)  ||  ds,  k  =  1, ...,  N,  (2) 

where  PN  =  {a  =  s0<s1  < . . .  <sN  =  b}  is  a  partition  of  [a,  b]  chosen  initially  by  the  user  to 
conform  to  display,  cutting  or  other  requirements.  Equations  (1)  and  (2)  are  coupled 
since  each  time  a  quadrature  routine  is  called  to  approximate  the  integral  in  (2),  the 
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ordinary  differential  equation  (1)  must  be  solved  for  g(s)  at  those  points  in  [sk-i,  sk] 
required  by  the  quadrature  routine. 

The  practical  difficulty  lies  in  choosing  the  error  tolerances,  fDk  and  CDk,  to  be 
assigned  to  the  numerical  routines  used  to  compute  the  solutions  of  (1)  and  (2) 
respectively  so  that  it  is  assured  that  |||g(s)||  —  Jn|  <  Et  for  some  specified  total 
absolute  error  tolerance  Et.  That  is,  which  will  ensure  that  the  maximum  error  in  the 
determination  of  the  total  length  of  g(s)  is  less  than  some  user  specified  tolerance  Ct. 

The  object  here  is  to  derive  a  rational  and  efficient  strategy  for  the  choice  of  ccm  and 
Cok  in  the  solution  of  (1)  and  (2),  to  describe  an  improved  version  of  the  mapping 
algorithm  (Clements  1984)  incorporating  both  a  variable  stepsize  differential  equa¬ 
tion  solver  (ODES)  and  an  adaptive  quadrature  routine  (AQR)  and  to  discuss  briefly 
an  application. 


the  x,  y  plane.  In  the  figure  vectors  are  denoted  by  a  superscript  arrow  rather 
than  bold-face  as  in  the  text. 
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Definitions  and  Results 

Let  Ck  [a,  b]  =  {x(s):  x  is  k  times  continuously  differentiable  for  all  sin  [a,  b]}.  Curves 
in  R3  will  be  denoted  by 


C:  f  =  x(s)i  +  y(s)j  +  z(s)k,  s  £  [a,  b], 

with  components  x(s),y(s),  and  z(s),and  Euclidean  norm  ||f||  =  (x2(s)  +y2(s)  +  z2(s))1  2.  In 
Fig  1  vector  functions  are  denoted  by  f  rather  than  by  f  as  in  the  text.  In  what  follows,  it 
is  assumed  that  the  developable  surface  S  is  given  by  ([4]) 

S(s,  t)  =  #t(s)  +  tr(s),  ?t (s)  x  r(s)  ^0,sc  [a,  b],  t  £  [0,  1],  (3) 


where 


(i)  Ms)  =  x3i  +  yd  +  znk,  with  x,  y,  z  £  C2  [a,  b], 

(ii)  r(s)  =  rn(s)i  +  r2(s)j  +  r3(s)k,  with  n  £  C2  [a,  b],  i  =  1,  2,  3, 

(iii)  each  point  of  S  corresponds  to  only  one  ordered  pair  (s,  t). 

Thus  S  is  bounded  by  the  curves  C3:  tf-,(s)  and  C2:  f2(s)  =  MS)  +  r(s)  and  the  ruling  lines 
r(a)  and  r(b).  In  the  actual  application  of  the  mapping  procedure  to  hull  plate 
expansion,  C3  and  C2  represent  the  chine  curves  defining  the  developable  surfaces  as 
in  Fig  2. 

Remark 

Each  ruling  line  r(s)  in  S  can  be  computed  as  r(s)  =  f2(s*)  -  f3(s)  for  fixed  s  £  [a,  b] 
where  s*  £  [a,  b]  is  the  solution  of  the  fixed  point  equation  (Clements  1984) 

G  (s*)  =  det(f1(s),  [f2(s*)  -  Ms)],  f2(s*))  =  0,  (4) 

Equation  (4)  is  used  because  of  the  result  that  a  ruled  surface  given  by  (3)  is 
developable  if  and  only  if  det  (Ms),  r(s),  r(s))  =  0  (Kreyszig  1959).  It  is  assumed 
here  that  this  calculation  has  already  been  completed  and  that  r(s)  is  known  for 
every  fixed  s  in  [a,  b]. 

The  geodesic  curvature  Kg  of  a  curve  C:  g(s)  in  a  surface  S  is  given  by 
Kg{s0)  =  det  (g,  g,  n)  =  -g  •  (g  x  n), 


where  n  is  the  unit  normal  to  the  surface  S  at  g(s0).  We  also  note  that  g(s)  on  S  is  a 
geodesic  if  and  only  i f  ACg  =  0  and  is  either  a  straight  line  or  its  principal  normal 
coincides  with  the  surface  normal  at  the  point  s.  Since  a  geodesic  g(s)  inSjoiningany 
two  points  of  S  not  on  the  same  generator  can  be  represented  in  the  form 

g(s)  =fi  (s)  +t*  (s)  r(s)  (5) 

for  some  twice  continuously  differentiable  function  (Clements  &  Leon  1 984)  g(s)  and 
g(s)  can  be  obtained  by  solving  (1)  for  t*(s)  and  t*  (s),  or  equivalently  by  solving  the  first 
order  system 
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Ui(s)  =  u2(s),  a  <  s  <  b, 

u2(s)  =  F(U,(S),  u2(s)),  a<s<b,  (6) 

f  •  (g  x  n)  +  ujr  •  (g  x  n)  +  2u2r(g  x  n) 
r  •  (g  x  n) 

for  u-,(s)  =t*(s)  and  u2(s)  =  t*(s)  at  each  s  in  [a,  b[  where  n(s)  =  r(s)  x  T^s)  is  a  normal  to  the 
developable  surface  Sat  g(s)  and  T^s)  =f1(s)/||f1||.  Calculation  of  the  Lipschitz  constant 
for  F  in  (6)  shows  that  the  system  is  solvable  by  standard  numerical  methods  (Dahl- 
quist  and  Bjorck  1969)  provided  r  •  (g  x  n)  stays  bounded  away  from  zero.  The 
numerical  solution  of  equation  (6)  requires  some  starting  values  at  s  =  a  and  involves 
the  computation  of  fv  iv  r,  r,  and  r.  For  simplicity  the  starting  values  are  taken  to  be 

ui(a)  =  .5,  u2(a)  =  0  (7) 

or  the  midpoint  of  r(a)  as  indicated  in  Fig  1. 

Once  (1),(2)  have  been  solved, the  image  of  each  r(Si),i  =  0,...,  N,  is  determined  by 
computing  as  in  Fig  1. 

=  t*  (Si)||r(Si)|b 


A  =  (1  -  t*  (Si))  ||g(Si)  -  f2(Si)||. 

g(Si)  •  r(Si) 


6 1  =  cos 


Ig(Si) II  '  II r(Sj) || 


for  i  =  0,  ...,  N, 


(8) 


Then 


(Xj,  Yi)  =  (J,  -  a\  cos  ft,  -  a,  sin  ft). 


(U,  Vi)  =  (Jj  +  A  cos  ft,  A  sin  ft),  (9) 

i 

Ji  =  I  ii, 

i  =  i 

R,  =  (Ui  -  Xi,  Vi  -  Yi) 

and  the  surface  S  bounded  by  r(s0)  and  t(sn)  has  been  mapped  isometrically  onto  that 
portion  of  the  plane  bounded  by  R0,  RN  and  (Xi,  Yi),  (Ui,  Vi),  i  =  0,  ...,  N. 

The  calculations  6\,  cos  6,  and  sin  ft  in  (8)  and  (9)  are  only  required  at  each  partition 
point  and  can  be  computed  using  double  precision  arithmetic.  Consequently,  it  is 
assumed  that  roundoff  errors  in  individual  arithmetic  operations  and  evaluations  of 
the  elementary  special  functions  are  negligible  when  compared  to  the  errors  propa¬ 
gated  due  the  use  of  inexact  function  values  in  the  solution  of  (2).  Consequently,  it  is 
assumed  that  the  errors  in  evaluating  ft,  cos  ft  and  sin  fti  do  not  contribute  significantly 
to  the  global  error  in  the  mapping  procedure. 

It  is  assumed  that  the  geodesic  g(s)  stays  within  the  boundaries  of  the  developable 
surface,  and  that  r  •  (g  x  n)  stays  bounded  away  from  zero.  Hence,  the  differential 
equations  given  by  (6)  are  solvable  everywhere  on  [a,  b].  One  method  to  ensure  this  is 
to  restart  the  procedure  with  new  initial  values  at  that  point  on  g  where  it  crosses  the 
boundary  curves  Q  or  C2,  or  where  r(gxn)  becomes  sufficiently  small.  However,  to 
avoid  unnecessary  complexity,  these  details  are  not  included  in  the  statement  of  the 
mapping  algorithm  given  here. 
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The  Mapping  Algorithm: 

1)  Choose  PN  and  £r. 

2)  Choose  an  adaptive  quadrature  routine  for  evaluating  /k  in  (9)  accurate  to  a 
specified  £qk  for  each  k  =  1, ...,  N. 

3)  Choose  an  accurate  variable  step  differential  equation  solving  routine  where 
each  evaluation  of  t*  and  t*  required  in  the  integration  routine  is  computed 
accurate  to  a  specified  E&k,  for  each  k  =  1, ...,  N. 

4)  Compute  do,  Po  and  do  as  in  (8)  to  obtain 
(X0,  Y0)  =  (-ff0  cos  0O,  -a0  sin  0O), 

(U0,  V0)  =  (P0  cos  0O,  P0  sin  0O), 

and 

5)  For  each  i  =  1,...,  N  compute  \„  a,,  A,  and  0,as  in  (8)  and  (9)  using  the  differential 
equation  solver  to  evaluate  g  and  g  at  the  points  required  by  the  quadrature 
routine,  to  obtain  the  coordinates  of  the  ruling  line  end  points  of  S  mapped 
isometrically 


(Xi,  Yi)  =  (Ji  -  a,  cos  ft,  -cri  sin  0), 
(U,  Vi)  =  (Ji  +  P\  cos  ft,  Pi  sin  0-,), 


onto  the  plane. 


Choosing  the  error  tolerances 

Assume  a  tolerance  et,  is  given,  which  is  to  bound  the  total  error  in  the  numerical 
process.  On  the  assumption  that  the  calculations  are  equally  difficult  in  each  subin¬ 
terval  [Sk-i,  Sk]  we  bound  the  total  error  committed  in  evaluating  lk  by 


(sk  -  Sk-i) 
(b-a)  ='k 


(10) 


for  each  k.  It  is  also  assu  med  that  an  Adaptive  Quadrature  Routine  (AQR),  based  on  a 
quadrature  formula  with  degree  of  precision  d,  will  be  used  to  evaluate  (2),  and  that 
an  appropriate  Ordinary  Differential  Equation  Solver  (ODES),  based  on  a  method  of 
order  r,  will  be  used  to  solve  (1)  at  the  points  required  by  the  AQR.  Given  Ek  the 
problem  is  to  determine  the  tolerances,  £ok  and  Eok,  to  be  given  to  the  AQR  and  the 
ODES  respectively.  As  in  Fritsch,  Kahaner  and  Lyness  (1981)  it  is  assumed  throughout 
that  both  the  AQR  and  the  ODES  are  completely  reliable,  that  is,  they  will  always 
return  results  which  are  accurate  to  within  the  tolerances  specified,  thattheAQRwill 
perform  its  computations  in  the  same  order  with  polluted  data  as  with  exact  data,  and 
that  all  calls  to  the  ODES  are  of  the  same  level  of  difficulty. 

The  problem  is  one  of  interfacing  two  software  packages  in  an  efficient  and  reliable 
manner.  This  problem  has  been  considered  recently  in  Fritsch,  Kahaner  and  Lyness 
(1981)  (under  the  same  assumptions  as  above),  where  the  scenario  of  an  AQR  using 
results  obtained  by  a  second  AQR  was  considered.  The  analysis  given  here  is  moti¬ 
vated  by  this  work. 

Denote  by  0(f)  the  AQR  applied  to  a  function  f,  by  I  (f)  the  correct  integral  of  f,  and 
by  fc  the  numerical  approximation  to  the  function  f  which  is  actually  computed  by  the 
ODES,  here  denoted  by  0.  Given  ck,  it  is  then  required  that 

|l  (f)  -  0  (0  +  0  (; f )  -  0  (fc)\  <  II  (0  -  0(01  +  10  (0  -  0  (fc)\  ^ 
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The  errorcan  now  be  seen  to  be  made  up  of  two  distinct  components:  |l  (/)  -  0  (f)\, 
due  to  approximating  I  by  0  (assuming  that  correct  function  evaluations  are  available 
to  0),  and  |0  (/)  -  0  (C)b  due  to  incorrect  function  evaluations  being  made  available  to 
0.  Thus  divide  £k,  the  total  error  tolerance  for  the  entire  numerical  procedure  of 
evaluating  U,  into  two  components,  cok  and  foDEk  with 


£k  -  CQk  +  CODEk, 


cQk  >  1 1  ( f )  -  0  (01  being  the  tolerance  given  to  the  AQR,  and  CoDEk  bounding  the 
errors  due  to  obtaining  inaccurate  values  of/.  Thus  the  tolerances  given  in  each  call  to 
0,  namely  cDk,  depend  on  coDEk,  although  they  will  not  normally  be  equal  to  CoDEk. 
The  interpretation  of  coDEk  is  that  it  reflects  the  total  error  accummulated  due  to  the 
calls  to  0  made  by  0. 

Assume  that  the  AQR  uses  a  basic  Quadrature  Formula  Qb  (/)  =  X  Wj  /  (Xj)  and  has 
some  strategy  for  applying  Qb  to  some  sequence  of  subintervals  in  the  interval  of 
integration.  QB,  when  applied  over  an  interval  of  unit  length  will  have  a  condition 
number  Cb  =  Z|wj|.  It  follows  by  linearity  of  the  quadrature  process  that  if  Qb  is 
applied  over  an  interval  of  length  H,  the  condition  number  of  the  integration  will  be 
HCb.  Now  define  Co  to  be  the  condition  number  of  0  applied  over  the  interval  (Sk-i, 
Sk).  By  linearity  of  the  quadrature  process,  we  have  Cq  <  (Sk  -  Sk-i)CB.  In  fact  Co  will 
equal  CbH  unless  Qb  uses  both  endpoints  of  the  interval  of  the  integration  and  the 
corresponding  coefficients  are  of  opposite  sign.  Note  that  the  method  by  which  0 
determines  the  order  in  which  QB  will  be  applied  to  the  subintervals  does  not  affect 
the  previous  comments. 

Now  assume  that  the  maximum  error  in  any  call  to  0  is  tDk.  It  then  follows  that  the 
maximum  error  in  the  numerical  process  due  to  0  using  inexact  data  from  0  is 
bounded  by  Cq  CDk.  Thus,  from 


Ck  -  £Qk  +  CQDEk  ~  £ Qk  +  (Sk  "  Sk-l)  Cb  ^Dk 


('ll) 


it  follows  that,  once  coDEk  is  specified,  £ok  should  be  chosen  as 


CDk  - 


£ODEk 

(Sk  -  Sk-i)  Cb 


(12) 


If  the  condition  number  of  0  is  specified  in  more  detail  (see,  for  example,  Stoer  and 
Bulirsch  1980)  then  a  similar  analysis  may  be  carried  out.  However,  since  this  leads  to 
different  tolerances  being  specified  for  each  call  to  0,  (that  is,  0  would  have  to  be 
solved  from  the  initial  point  a  on  every  call)  and  also  leads  to  some  restrictions  on  the 
type  of  AQR  which  may  safely  be  used,  we  shall  not  pursue  this  possibility  further 
here. 

There  are  two  generic  ways  in  which  an  AQR  can  be  constructed  (Fritsch,  Kahaner 
and  Lyness,  1981),  it  can  either  be  based  on  a  local  error  control  strategy  (LG)  or  it  can 
be  based  upon  some  form  of  global  error  control  strategy  (GE).  The  essence  of  a  LE 
method  is  that  the  procedure  moves  through  the  interval  of  interest,  say  from  left  to 
right,  and  locally  acts  upon  a  subinterval.  It  does  not  progress  to  the  next  subinterval 
until  the  result  obtained  for  the  subinterval  under  consideration  is  considered  to  be 
sufficiently  (locally)  accurate.  Consequently,  when  the  procedure  is  complete,  since 
all  the  local  errors  are  believed  to  be  sufficiently  small,  the  total  error  of  the  proce¬ 
dure  is  believed  to  be  within  the  specified  tolerance.  In  contrast,  a  GE  method  is 
always  able  to  consider  one  of  many  subintervals,  and  always  chooses  to  work  on  that 
subinterval  which  has  the  worst  error  estimate.  Thus  a  GE  method  examines  the 
subintervals  in  an  order  very  difficult  to  predict  before  the  computation  is  begun.  A 
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GE  method  exists  when  the  sum  of  all  the  local  errors  is  believed  to  be  less  than  the 
prescribed  tolerance.  It  is  recommended  (Fritsch,  Kahaner  and  Lyness  1981)  that  a 
global  error  control  strategy  AQR  be  used  if  it  is  felt  that  the  AQR  may  encounter 
some  difficulty  since,  in  contrast  to  a  local  error  control  strategy  AQR,  a  global  error 
AQR  may  have  the  opportunity  to  recover  from  dealing  with  a  subinterval  with  a 
large  error  estimate  by  considering  other  subintervals. 

Now  consider  the  question  of  choosing  CoDEk  (and  thus  £Dk)  and  £ok  to  minimize 
the  computational  cost,  given  the  requirement  £k  =  £ok  +  £oDEk.  The  error  when  Qb  is 
applied  over  an  interval  of  length  H  depends  upon  Hd  +  2.  Thus,  if  (a,  b)  is  partitioned 
into  subintervals  of  length  H,  the  overall  error  when  using  Qb  in  a  compounded 
manner  will  be  O  (Hd  +  1).  Measuring  work  in  terms  of  the  number  of  subintervals 
(which  is  proportional  to  the  number  of  integrand  evaluations  required)  of  equal 
length  to  which  QBshould  beapplied  to  achieve  a  given  tolerance,  it  follows  that  the 
cost  of  using  0  with  tolerance  £ok  is  proportional  to  £ak(d  +  1).  Now  consider  the 
amount  of  work  involved  in  a  call  to  0.  Since  0  is  based  on  a  method,  either  multistep 
or  Runge-Kutta,  which  has  local  order  r,  and  thus  local  error  O  (Hr  + :)  when  applied 
to  a  subinterval  of  length  H,  it  follows  that,  under  appropriate  conditions  (see,  for 
example  Stoer  and  Bulirsch  1980),  the  global  error  involved  in  using  the  basic  method 
of  0  when  the  interval  of  integration  is  partitioned  into  subintervals  of  length  H  is  O 
(Hr).  Thus  the  cost  of  using  0  with  error  tolerance  £Dk  is  proportional  to  CdI/. 

To  follow  the  approach  in  Fritsch,  Kahaner  and  Lyness  (1981),  it  is  assumed  that  each 
call  to  0  is  independent  of  every  other  one.  In  the  simplest  implementation,  this 
would  mean  that  0  would  always  begin  from  the  point  a  when  obtaing  a  value  of  g(s) 
at  an  integration  point.  Since  we  have  assumed  that  the  use  of  inexact  data  by  0  does 
not  change  the  sequence  of  computational  steps  in  0,  we  shall  also  assume  that  the 
number  of  function  evaluations  required  by  0  is  fixed  at,  say,  N.  If  the  same  tolerance 
£ok  is  specified  on  each  call  to  0,  then  the  total  work  done  will  be  proportional  to 
N  ebV  that  is,  proportional  to  £ol<(d  +  £ o d Ek  Using  (12)  and  the  constraint  £k  =  Cok  + 

coDEk,  we  minimize  this  expression  obtaining 
r  d  +  1 

(13) 


CQk  “ 


d  +  r  +  1 


£k,  CODEk  ~ 


d  +  r  +  1 


£k, 


as  the  appropriate  choices  to  minimize  the  total  amount  of  work  required  for  the 
computations  done  in  the  interval  (Sk-i,  Sk).  Note  that  the  specific  values  of  the 
constants  of  proportionality  will  not  affect  £ok  and  £oDEk  as  given  in  (13). 

The  choice  of  Ccm  and  CDk  must  also  be  such  that  the  computation  is  stable.  In 
particular,  £Dk  must  not  be  so  large  as  to  preclude  the  possibility  of  0  being  able  to 
converge  given  the  tolerance  £ok.  Since  0  is  a  linear  process,  assume  it  has  a  linear 
method  for  estimating  the  error  of  the  computation  in  a  given  subinterval,  let  this 
process  have  condition  number  Ce  when  applied  over  a  subinterval  of  unit  length 
(see  the  discussion  of  Cb  above).  Thus,  for  a  subinterval  of  length  sk  -  sk-i,  the  bound 
on  the  error  in  the  error  estimation  process  of  0  due  to  using  inexact  data  from  0  is 
Ce  (Sk  -  Sk-i)  £ok.  Thus  it  follows  from  (12)  that  the  inequality 


CODEk 


£ Qk  >  Ce  (Sk  -  Sk-1 )  £Dk  ~  Ce  (Sk  -  Sk-i) 


(Sk  -  Sk-i )  Cb  Cb 


£ODEk 


(14) 


should  be  satisfied  for  all  k  to  ensure  stability  of  the  AQR  in  all  subintervals  (Sk-i,  Sk). 
From  (10),  (12)  and  (13)  it  follows  that 


<d  +  i) 


(Sk  -  Sk-l) 


£Dk  ~ 


(r  +  d  +  1)  Cb  (b  -  a) 


£t; 


£Qk  - 


(r  +  d  +  1)  (b-a) 


£t. 


(15) 
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Note  that  cDk  does  not  depend  upon  k.  Combining  (14)  with  (15)  leads  to  the  global 
stability  requirement 

r  CB  >  (d  +  1)  CE.  (16) 

Implementation 

It  was  assumed  in  the  previous  section  that  each  call  to  the  ODES  ip  was  independ¬ 
ent  of  all  other  calls  to  ip.  In  the  simplest  implementation  this  would  lead  us  to  call  ip 
always  taking  a  as  the  left  endpoint  of  the  interval  of  integration.  Since  we  cannot  tell 
in  advance  at  which  points  the  AQR  will  need  a  function  value  we  cannot  simply 
make  one  pass  with  ip  and  obtain  all  the  function  values  needed. 

This  now  suggests  the  following  more  efficient  two  stage  strategy.  First,  call  ip  with  a 
tolerance  Eok/2,  and  obtain  the  function  values  at  the  points  Sk  of  the  partition  Pn. 
Second,  in  solving  (2)  in  each  subinterval  (sk-i,  sk),  k  =  1,  2,  ...,  N  when  the  AQR  0 
requires  a  function  evaluation,  ip  is  called  with  left  starting  point  sk-i,  the  previously 
computed  function  value  at  sk-i  given,  and  a  tolerance  of  eok/2.  Since  constants  do 
not  affect  the  analysis  leading  up  to  (13),  cak  and  Eok  are  still  chosen  according  to  (15), 
subject  to  (16)  being  satisfied.  Assuming  that  the  error  propagated  by  ip  due  to  using 
an  inexact  starting  value  at  sk-i  is  damped  by  0  (as  is  typically  assumed  when  error 
control  strategies  of  ODES  depend  upon  local  error  estimation),  we  expect  to  obtain 
function  values  accurate  to  the  required  tolerance  of  £ok. 

A  more  efficient  strategy  might  be  to  replace  the  second  stage  above  with  the  use 
of  an  interpolating  function  of  some  sort  (for  example,  cubic  splines).  However,  this 
approach  has  two  difficulties.  It  leads  to  a  three  tiered  system  for  solving  (2)  (that  is, 
theuseofan  ODES  is  followed  by  the  use  of  an  interpolation  routine,  which  in  turn  is 
followed  by  the  use  of  an  AQR)  in  contrast  to  the  two  tiered  method.  Secondly,  it 
appears  that  when  one  assigns  appropriate  tolerances  for  each  of  the  three  routines 
to  be  used,  an  attempt  to  choose  them  optimally  to  reduce  computational  costs  is 
highly  dependent  on  the  particular  problem  being  solved.  Thus,  while  it  may  well  be 
possible  to  tune  such  a  styem  to  be  efficient  for  particular  problems,  it  seems  that  it  is 
difficult  to  derive  appropriate  strategies  for  the  choice  of  error  tolerances  in  a  more 
general  setting.  Consequently,  we  have  not  used  this  three  tiered  approach  here. 

Using  hull  curve  offset  data  fora  38  foot  developable  hull  sloop  (Fig  2),  the  mapping 
algorithm  together  with  criteria  (13),  (14)  and  (16)  was  successfully  employed  in  the 
complete  generation  of  each  hull  plate  (Fig  3)  with  only  very  short  CPU  times  being 
required  on  a  CYBER  170-730  computer.  The  AQR  used  was  QUANC8  (d  =  8, 
Forsythe,  Malcolm  and  Moler  1977)  and  the  ODES  used  was  RKF45  (r  =  4,  Forsythe, 
Malcolm  and  Moler  1977). 

Precise  results  regarding  the  efficiency  of  the  algorithm  and  the  error  bound 
strategies  outlined  in  this  work  are  currently  under  investigation  using  surface 
patches  of  regular  circular  cones  for  which  simple  analytic  mapping  formulas  exist. 
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PROFILE  VIEW  DAY  38 


PLAN  VIEW  DAY  38 


CROSS-SECTION  DAY  38 


Fig  2  The  profile,  plan  and  cross-section  views  of  a  11.583  m  developable  hull 
sloop  DAY38.  The  profile  view  shows  the  ruling  lines  computed  for  each  of 
the  three  developable  surfaces  which  comprise  one  side  of  the  hull  form. 
All  units  are  in  0.3048  m. 
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Fig  3  The  results  obtained  for  the  mapping  or  “plate  expansion”  of  each  of  the  3 
developable  hull  surfaces  of  DAY38.  Plate  No.  1  corresponds  to  the  surface 
adjacent  to  the  keel;  plate  No.  2  to  the  next  surface  up  and  plate  No.  3  to  the 
uppermost  surface. 
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The  detailed  structure  of  the  cephalothoracic  appendages  of  Lophoura  tetraphylla,  a  parasitic 
copepod  of  Antimora  rostrata,  are  described.  The  first  and  second  antennae  possess  a  structure  similar 
to  that  reported  for  other  genera  in  the  family  Sphyriidae.  The  morphology  of  the  mandible  of  L 
tetraphylla  is  discussed  in  relation  to  other  previous  descriptions  of  this  appendage.  Lophoura 
tetraphylla ,  like  other  members  of  the  family,  is  shown  to  exhibit  extensive  regressive  metamorphosis 
of  the  appendages  during  the  mesoparasitic  stage  of  its  life  cycle. 

Les  structures  detaillees  des  appendices  cephalothoracique  de  Lophoura  tetraphylla,  un  copepode 
parasite  d’ Antimora  rostrata,  sont  decrites.  Les  structures  des  premieres  et  deuxiemes  antennes  sont 
similaires  a  celles  rapportees  pour  d’autres  genres  de  la  famille  Sphyriidae.  La  morphologie  de  la 
machoire  inferieure  est  discutee  par  rapport  aux  descriptions  anterieures  de  cet  appendice. 
Lophoura  tetraphylla,  comme  d’autres  membres  de  cette  famille,  montre  la  metamorphose  regres¬ 
sive  des  appendices  pendant  la  stade  mesoparasitique  de  son  cycle  vital. 


Introduction 

The  structure  of  the  appendages  of  adult  female  sphyriid  copepods  are,  virtually 
unknown.  Wilson  (1919)  described  the  structure  of  some  of  these  appendages  for  6 
genera  ( Opimia ,  Paeon,  Perplexis,  Lophoura,  Sphyrion  and  Trypaphylus).  Kabata 
(1979)  in  his  review  of  the  family  Sphyriidae  Wilson,  191 9  gave  detailed  descriptions  of 
the  appendages  for  Sphyrion  lumpi  (Kroyer,  1845)  a  parasite  of  Sebastes  sp.  in  the 
North  Atlantic.  Sphyrion  lumpi  possesses  appendages  which  may  be  considered 
typical  of  the  family.  The  first  and  second  antennae  and  first  and  second  maxillae  are 
reduced  to  sub-spherical  swellings  with  remnants  of  apical  armature  in  the  form  of 
short  setae  (first  maxillae  exempt  of  apical  armature).  The  maxillipeds,  swimming  legs 
and  occasionally,  the  second  maxillae,  are  sometimes  lost  after  metamorphosis  in 
some  genera  (Kabata  1979).  As  far  as  is  known,  only  four  species,  Paeonocanthus 
antarcticensis  Hewitt,  (1965),  a  parasite  of  Bathylagus  sp.  in  the  North  and  South 
Atlantic,  Paeon  ferox  Wilson,  (1919)  and  P.  versicolor  Wilson,  (1919)  from  the  gill 
cavities  of  charcharhinid  sharks  and,  5.  lumpi  retain  complex  appendages  (maxil¬ 
lipeds)  after  metamorphosis  during  the  mesoparasitic  stage  of  their  lives  (Hogans, 
1986;  Wilson,  1919;  Kabata,  1979). 

To  examine  the  extent  of  reduction  of  the  appendages  in  the  post- metamorphosis 
female  sphyriid  I  have  examined  several  species  recovered  from  hosts  collected  in 
Canadian  Atlantic  waters.  The  appendages  of  Lophoura  gracilis  Wilson,  (1919)  are 
described  in  a  separate  paper  (Hogans  and  Dadswell  1985).  Another  species  which  I 
have  found,  Lophoura  tetraphylla,  is  a  parasite  of  the  flesh  of  the  blue  hake  ( Antimora 
rostrata).  It  was  recently  described  by  Ho  (1985)  from  two  specimens  collected  in 
deep  waters  of  the  continental  slope  of  the  Northwest  Atlantic.  Due  to  a  scarcity  of 
material.  Ho  was  unable  to  describe  the  appendages  of  this  parasite  in  detail.  Herein, 
the  appendages  of  two  adult  female  L.  tetraphylla  are  described. 
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Materials  and  Methods 

The  two  specimens  of  L.  tetraphylla  were  recovered  from  the  somatic  musculature 
of  A.  rostrata  collected  during  a  cruise  of  the  R/V  Gyre,  Texas  A&M  University),  in  the 
Carson  Canyon  area  near  the  eastern  edge  of  the  Grand  Banks  of  Newfoundland. 
Depth  of  capture  was  1700  m.  The  copepods  were  dissected  from  the  fish  at  sea  and 
fixed  and  stored  in  70%  ethanol.  The  cephalothorax  of  each  specimen  was  cleared  in 
85%  lactic  acid.  Figures  were  drawn  with  the  aid  of  a  camera  lucida. 

Lophoura  tetraphylla  Ho,  1985  (Fig.  1) 

General  appearance:  Lophoura  tetraphylla  is  a  typical  sphyriid  copepod  having  a 
complex  holdfast,  several  clavate  uropods  (branching  or  single,  depending  upon  the 
genus  and  often  referred  to  as  respiritory  cylinders)  and  a  large,  robust  genital 
segment.  In  general  appearance  the  specimens  collected  for  this  study  did  not  differ 
significantly  from  those  described  by  Ho  (1985)  who  gave  the  distinguishing  feature  of 
the  species  as  a  holdfast  as  large  as  or  larger  than  the  trunk.  The  smallest  of  the  two 
specimens  recovered  possessed  a  holdfast  about  th  ree-quarters  the  si  ze  ofthetrunk. 
Holdfast  structure  (four,  large  spherical  processes)  not  size,  is  probably  the  best 
distinguishing  character  for  the  species.  The  shape  of  the  cephalothorax  (cylindrical 
with  two  lateral  pad-like  processes),  holdfast,  neck,  trunk,  uropods  and  perianal 
elevation  of  the  four  known  specimens  of  L.  tetraphylla  are  similar. 

The  appendages:  The  first  and  second  antennae  of  L.  tetraphylla  (Fig.  2)  are  located 
near  the  anterior  extremity  of  the  cephalothorax  on  the  dorsal  surface.  Each  is 
sub-spherical  and  armed  at  the  apex  with  a  single  seta.  The  second  antenna  is 
approximately  three  times  the  size  of  the  first  and  located  slightly  anterior  to  it.  Their 
structure  is  similar  to  that  reported  for  5.  lumpi,  although  this  species  possesses  a 
second  antennae  with  two  apical  setae  (Kabata  1979). 

The  mouth  of  L.  tetraphylla  is  siphonostome  and  located  near  the  end  of  the 
cephlothorax  on  the  ventral  surface.  When  the  cephalothorax  is  cleared,  the  mandi¬ 
bles  (Fig.  3)  can  be  seen  to  lie  on  each  side  and  slightly  within  the  mouth  tube.  Each 
mandible  is  armed  with  6  teeth  of  various  sizes,  the  largest  being  medial  in  position. 
The  mandible  structure  is  unlike  that  reported  for  other  sphyriids  (no  species  identi¬ 
fied)  by  Wilson  (1919):  stylet-shaped  with  adjacent  surfaces  set  with  a  row  of  five 
teeth.  Wilson's  is  apparently  the  only  description  (no  figures  were  included)  of  the 
mandible  of  a  female  sphyriid  copepod  other  than  that  of  L.  tetraphylla.  It  is  likely  that 
Wilson  (1919)  did  not  correctly  interpret  the  structure  of  the  mandible  in  his  paper. 

Slightly  below  and  on  each  side  at  the  mouth  tube  are  either  the  first  or  second 
maxillae.  Their  position  would  indicate  they  are  the  first  maxilla  as  the  second  are 
often  found  more  posterior  to  the  mouth  in  5.  lumpi  (Kabata,  1979)  and  L.  gracilis 
(Hogans  and  Dadswell,  1985).  The  structure  of  these  appendages,  subspherical  and 
armed  apicallywith  two  short  setae,  howeverissimilartothat  reported  for  the  second 
maxilla  of  S.  lumpi.  If  these  appendages  are  first  maxillae,  then  the  second  are  lost  in  L. 
tetraphylla.  Since  the  first  maxilla  of  both  S.  lumpi  and  L.  gracilis  lack  apical  armature,  I 
suggest  that  L.  tetraphylla  possesses  indiscernable  first  maxillae,  and  second  maxillae 
in  a  position  more  anterior  than  is  usual  forthe  family.  A  careful  examination  of  both 
specimens  collected  for  this  study  shows  a  complete  lack  of  both  maxilliped  and 
swimming  legs;  a  typical  feature  for  the  majority  of  genera  within  the  family 
Sphyriidae. 

Mesoparasitic  families  of  copepods,  such  as  the  Lernaeidae,  and  Pennellidae,  do 
not  undergo  regressive  metamorphosis  (Kabata  pers.  comm.).  It  is  assumed  that  the 
structure  of  the  appendages  remain  fairly  constant  from  initial  attachment  to  the  host 
to  the  maturation  of  the  females.  In  Pennellidae  for  example,  the  appendages  remain 
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structurally  as  extensive  as  they  were  in  the  copepodid  stage,  but  are  dwarfed  by  the 
excessive  growth  of  the  cephalothorax  and  holdfasts  (see  Kabata  1979).  This  can  be 
seen  in  the  Lernaeidae,  as  well;  members  of  this  family  also  retain  complex  appen¬ 
dages  which  are  extremely  small  in  proportion  to  the  total  size  of  the  parasite.  Since 
the  premetamorphosis  stages  of  the  female  sphyriid  copepod  (except  for  the  early 
metanauplius  of  S,  lumpi)  are  unknown,  it  can  only  be  assumed  from  the  available 
information  on  the  adults  that  the  appendages  of  the  female  sphyriid  are  relatively 
simple  and  change  significantly  during  its  life-history,  undergoing  extensive  regres¬ 
sive  metamorphosis.  The  site  of  attachment  of  L  tetraphylla  on  its  host  is  apparently 
specific;  all  four  known  specimens  being  recovered  from  the  somatic  musculature. 
This  is  a  feature  shared  with  some  other  genera  ( Lophoura ,  Opimia ,  Paeon)  in  the 
family  (Wilson,  1919). 


Fig  1  Lophoura  tetraphylla  Ho,  1985,  dorsal. 

Fig  2  Anterior  extremity  of  cephalothorax,  dorsal. 
Fig  3  Mandible,  ventral. 

Fig  4  Second  maxilla  (?),  ventral. 
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The  cyanophilic  lichen  Pannaria  lurida  has  been  collected  from  seventeen  localities  in  southern 
Nova  Scotia  and  two  in  southern  New  Brunswick.  Previous  reports  of  this  lichen  from  Quebec  are 
based  on  ill-identified  or  doubtful  materials. 

Le  lichen  cyanophilique  Pannaria  lurida  a  ete  ramasse  de  dix-sept  localites  dans  le  sud  de  la 
Nouvelle  Ecosse  et  de  deux  localites  dans  le  sud  du  Nouveau  Brunswick.  Des  rapports  anterieures  de 
ce  lichen  provenant  du  Quebec  sont  fondes  sur  des  echantillons  mal-identifies  ou  d’origine 
douteuse. 

Apart  from  several  unconfirmed  reports  of  Pannaria  lurida  (Mont.)  Nyl.  in  Quebec 
(Lepage,  1947, 1958;  to  be  discussed  below)  and  a  very  doubtful  one  from  Newfound¬ 
land  or  Labrador  (Eckfeldt  1895,  as  Physma  luridum  Mont.),  nothing  is  known  about 
the  occurrence  of  this  interesting  but  often  overlooked  species  in  Canada.  Pannaria 
lurida  belongs  to  the  P.  rubiginosa  group  (Jorgensen  1978)  and  is  distinguished  from 
the  most  closely  related  species,  P.  rubiginosa  (Ach.)  Bory,  by  its  larger,  conspicuously 
wrinkled  and  often  greyish  green  thallus  lobes  (Fig  1A  &  B).  The  more  greyish 
coloration  is  caused  by  the  pronounced  accumulation  of  pannarin,  a  chlorinated 
depsidone  which  is  produced  in  lesser  amounts  in  P.  rubiginosa  and  its  sorediate 
counterpart  P.  conoplea  (Ach.)  Bory.  The  algal  symbiont  is  Nostoc  as  is  usual  with 
members  of  Pannariaceae. 

Specimens  in  the  Smithsonian  Institution  (US)  and  the  Farlow  Herbarium  (FH) 
indicate  that  P.  lurida  had  been  collected  at  least  as  far  north  as  Maine  (South 
Thomaston  and  Warren  in  Knox  County  and  Salisbury  Cove  in  Hancock  County).  The 
species  seems  to  be  restricted  to  the  eastern  seaboard  of  northern  North  America,  the 
southeastern  U.S.A.  (Hale  1979)  and  some  mountains  in  the  Caribbean,  although 
some  misidentified  specimens  of  Pannaria  from  the  Hawaiian  Islands  have  been  seen 
under  this  name  (GB,  Goteborg).  During  our  surveys  of  forest  lichens  in  eastern 
Canada  and  the  adjacent  parts  of  Maine  we  have  noted  the  presence  of  P.  lurida  in 
southern  Nova  Scotia  and  less  frequently  along  the  Northumberland  Straits  and  in 
eastern  Maine  (Fig  2).  These  areas  are  more  or  less  strongly  influenced  by  an  oceanic 
climate  andlieoutsideoralongtheedgeofthe  boreal  coniferous  zone.  The  habitats 
are  mostly  very  wet  mixed  forests  in  which  Fraxinus  americana  L.,  F.  nigra  Marsh,  and 
Acer  rubrum  L.  are  dominant.  Pannaria  lurida  is  a  rare  member  of  the  Lobarion.  It 
often  grows  together  with  related  species  of  Pannaria ,  most  often  P.  rubiginosa  and  P. 
conoplea  but  also  P.  ahlneri  P.  M.  Jdrg.  and  P.  leucosticta  (Tuck,  in  Dari.)  Nyl.  (in 
southern  Nova  Scotia).  By  contrast  to  these  species,  all  of  which  are  able  to  grow  on 
coniferous  bark,  especially  on  that  of  Thuja,  P.  lurida  has  been  found  only  on 
deciduous  trees.  We  have  seen  the  lichen  on  the  following  phorophytes  (number  of 
observations  in  parentheses):  Acer  rubrum  (8),  A.  saccharum  Marsh.  (1),  Fagus 
grandifolia  Ehrh.  (1),  Fraxinus  americana  (5),  F.  nigra  (1),  Malus  pumila  Mill.  (1), 
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Fig  1 A  Pannaria  lurida.  Marginal  lobes  of  thallus  in  air  dried  condition,  showing  the 

characteristic  wrinkles  which  are  caused  by  an  inhomogeneous  algal  layer 
(Jdrgensen  1978).  x6. 


Fig  IB  Pannaria  lurida.  Partial  view  of  thallus  with  apothecia,  hydrated  for  30  min. 
The  wrinkles  are  still  in  evidence.  x15. 
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Populus  tremuloides  Michx.  (2),  P.  balsamifera  L.  (1)  and  Quercus  ruba  L.  (1).  Addi¬ 
tional  phorophytes  from  Maine  include  Salix  spp.  (3),  Sorbus  americana  Marsh.  (1) 
and  Ulmus  sp.  (1).  On  some  trees  in  southern  Nova  Scotia  (Acer  and  Malus),  P.  lurida 
was  seen  in  great  abundance,  sometimes  covering  the  trunk  face  up  to  a  height  of  3 
m. 

The  distribution  of  P.  lurida  is  predominantly  of  an  Appalachian  type.  Together 
with  Anzia  colpodes  (Ach.)  Stizb.,  Cetraria  aurescens  Tuck.,  Normandina  pulchella 
(Borr.)  Nyl.,  Pannaria  leucosticta ,  Parmotrema  perlatum  (Huds.)  Choisy  and,  on  Fagus, 
Trypethelium  virens  Tuck,  in  Dari.  (Brodo  1968),  P.  lurida  belongs  to  a  distinct  group 
of  Appalachian  elements  which  has  become  established  in  the  interior  of  mainland 
Nova  Scotia  and  shows  no  particular  preference  for  coastal  habitats.  None  of  these 
lichens  are  found  in  Newfoundland  but  all  of  them  occur  sporadically  in  eastern  New 
Brunswick  (Kent  and/or  Northumberland  Counties)  and/or  on  the  Gaspe  Peninsula 
or  further  up  in  the  valley  of  the  St.  Lawrence  River  (Lepage  1949,  1958;  Brodo  and 
Gowan  1982).  At  least  several  additional  lichens  with  an  Appalachian  type  of  distribu¬ 
tion  are  known  to  have  isolated  populations  in  the  interior  of  Nova  Scotia  but  are 
unknown  from  the  Northumberland  Straits  area  of  eastern  New  Brunswick  or  from 
Quebec.  To  this  group  belong  Hypotrachyna  imbricatula  (Zahlbr.)  Hale,  Parmotrema 
mellissii  Vain.,  Thelotrema  subtile  Tuck.,  Heterodermia  squamulosa  (Degel.)  W.  Culb. 
and  Ochrolechia  yasudae  Vain.  (Maass,  unpublished  data). 

Revisions  of  lichen  specimens  from  the  Herbarium  of  Lepage  (in  Herbier  Louis- 
Marie,  QFA,  Quebec)  previously  identified  as  P.  lurida  revealed  that  this  species  is  not 


Fig  2  Distribution  of  Pannaria  lurida  in  Atlantic  Canada  and  the  adjacent  parts  of 
Maine.  The  open  circle  refers  to  an  unconfirmed  and  dubious  report  by 
Lepage  (1958)  as  discussed  in  the  text. 
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presently  known  from  Quebec  with  any  degree  of  certainty  and  should  be  struck 
from  the  checklists  of  that  province.  Specimens  reported  as  P.  lurida  from  Waterloo 
(Lepage  1949)  and  lie  Lemoine  in  James  Bay  (Lepage  1958)  have  been  revised  as 
Lecanora  cinereofusca  H.  Magn.  and  Pannaria  rubiginosa  (Ach.)  Bory  respectively. 
Similarly,  the  Pannaria  from  calcareous  rocks  of  the  Rimouski  R.  Valley  (#  4169  in 
Lepage  1949)  turned  out  to  be  P.  leucophaea  (Vahl.)  P.  M.  Jdrg.  The  only  specimen 
not  seen  was  collected  by  LeGallo  on  rocks  at  Cap  a  I’Original,  48°22'N  and  68°49'W 
(Lepage  1958).  It  is  possibly  at  the  Missouri  Botanical  Gardens  (MO)  or  in  Herb. 
Dodge  (Burlington,  Vt.)  and  was  originally  listed  under  the  name  P.  russellii  Tuck. 
(LeGallo  1954).  It  is  highly  unlikely  that  it  represents  P.  lurida. 

Specimens  studied:  Except  as  otherwise  indicated  the  collections  were  made  by 
the  authors  and  are  in  their  Herbarium. 

NOVA  SCOTIA 

Colchester  Co.:  St.  Andrews  R.  ca.  3  km  W  of  Lanesville,  86J-1a. 

Halifax  Co.:  Murchyville,  about  1  km  northwest  from  bridge  over  Little  R.,  82K-3a, 
c;  Musquodoboit  Harbour,  between  Petpeswick  L.  and  Scots  L.,  82E-23a;  and  Porters 
Lake,  along  Hwy.  107  north  of  Grand  L.,  82E-22b. 

Lunenburg  Co.:  New  Cornwall,  in  floodplain  of  brook  between  Caribou  L.  and 
Little  Mushamush  L.,  81D-90a;  and  West  Northfield,  on  route  10  about  10  km 
northwest  of  Bridgewater,  Brodo  and  Argus  #  18955  (CANL). 

Queens  Co.:  Kempt,  2.5  km  on  road  to  New  Albany,  82D-39e;  Kejimkujik  National 
Park,  on  road  from  Fish  Hatchery  to  George  Bay,  0.5  and  2.5  km  south  from  turnoff  to 
McGinty  L.,81K-4g,  81K-5c;  between  Hibernia  and  Caledonia  near  road  to  Maugher, 
821  -4b;  between  north  end  of  Ponhook  L.  and  route  8,  82l-3b;  between  Greenfield 
and  Buckfield  in  burnt-over  swampy  woodland,  82D-25a;  between  Bangs  Falls  and 
Riversdale,  along  Medway  R.  near  Burnaby  Bk.,  82D-21a;  Indian  Gardens  on  logging 
road  west  of  Mersey  R.,  1  km  from  gate,  82E-41e,  g;  and  Summerville,  in  swampy 
woods  south  of  Hwy.  103,  81E-30e. 

Shelburne  Co.:  Ohio  Road  12.8  km  north  from  Hwy.  103,  83K-30a,  b. 

Yarmouth  Co.:  North  Kern ptvi lie,  near  steel  bridge  over  Tusket  R.  on  road  to  Titus 
Ridge,  83A-30b. 

Digby  Co.:  Sissiboo  R.  at  Devils,  82D-14h;  and  Lake  Medway,  82D-46r. 

NEW  BRUNSWICK 

Westmorland  Co.:  Aboujagane  Road  20  km  north  of  Sackville,  moist  Abies  -  Picea  - 
Acer  rubrum  moss  herb  forest  near  edge  of  Alnus  rugosa  swamp,  Harries  and  Maass  # 
79H-1a,  #  79065  in  Herb.  Harries. 

Kent  Co.:  Headlands  of  Chock  pish  R.,  near  Hwy.  11,6kmsouthfrom  Hwy.  134  jet. 
in  Rexton,  83G-23c. 
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Seasonal  variations  in  surface  and  ground  water  supply  and  increasing  attention  to  ionic  and  mass 
balances  in  aquatic  eco-systems  require  more  specific  definitions  of  hydrologic  parameters  to 
recognize  sources  and  sinks  for  biologically  significant  geochemistry.  The  term  "Perilimnion”  is 
proposed  to  define  that  zone  of  the  catchment  in  which  groundwater  developed  by  surface  runoff 
and  percolation  may  enter  (or  leave)  the  limnic  environment.  The  perilimnion,  therefore,  is  an 
aquifer,  whose  geochemistry  may  affect,  or  be  affected  by,  the  waters  of  a  lake.  The  term  "Tardelim- 
nion”  is  proposed  to  define  that  portion  of  the  limnicenvironment  in  which  deposition  of  limnogenic 
sediments  (autochthonous  or  allochthonous)  contribute  to  an  aquitard,  whose  low  coefficient  of 
hydraulic  permeability  (<10~6  cm  s”1)  virtually  precludes  significant  hydrologic  or  geochemical 
interaction  between  lake  and  ground  waters. 

Les  variations  saisonnieres  dans  la  disponibilite  des  eaux  de  surface  et  des  eaux  souterraines  et 
I’attention  accrue  maintenant  accordee  aux  balances  de  masse  et  d’ions  dans  les  ecosystemes 
aquatiques  necessitent  les  definitions  plus  precises  des  parametres  hydrologiques  pour  mieux  identi¬ 
fier  les  sources  et  les  sources  negatives  de  la  geochi  mie  d’interet  biologique.  Le  ter  me  "perilimnion” 
est  propose  pourlezonede  captage  d’eau  dans  lequel  les  eaux  developpe  par  Tecoulement  des  eaux 
de  surface  et  les  eaux  de  filtration  peuvent  entrer  ou  sortir  de  I’environnement  limnique.  Le 
perilimnion  est  done  un  aquifere  qui  peut  influencer  ou  etre  influence  par  les  eaux  d’un  lac.  Le  terme 
"tardelimnion”  est  propose  pour  definir  la  portion  de  I’environnement  limnique  dans  lequel  le  depot 
de  sediment  limnogenique  (autochthone  ou  allochthone)  contribue  a  un  aquitard  dont  le  coefficient 
de  permeabilite  hydraulique  bas  (10~6  cm  s'1)  empeche  des  interactions  significatives  hydrologiques 
ou  geochimique  entre  les  eaux  de  lac  et  les  eaux  souterraines. 


Introduction 

The  responsibility  for  introducing  additional  terminology  to  an  already  linquisti- 
cally  rich  limnological  vocabulary  is  indeed  formidable.  Increasing  recognition  that  a 
lake  is  not  a  “microcosm”  (sensu  Forbes,  1887),  however,  justifies  attempts  to  improve 
precision. 

Although  van  Helmont's  (1748)  experiments  on  a  potted  willow  tree  may  possibly 
qualify  him  as  the  father  of  quantitative  biogeochemistry,  it  was  the  Canadian 
limnologist  D.S.  Rawson  (1939)  who  initially  emphasized  the  role  of  basin  morphol¬ 
ogy,  hydrology,  and  geology  on  the  biological  development  of  lakes.  The  seminal 
trophic  level  studies  of  Linde  man  (1942),  and  elaboration  by  Odum  (1957)  and  others 
focussed  increasing  attention  on  the  watershed  as  the  biogeochemical  'forcing 
function'  of  fresh  water  ecosystems.  Vollenweider  (1968),  and  Deevey,  (1970)  distin¬ 
guish  between  lithologic,  hydrologic,  and  atmospheric  sources  and  sinks  for  lake 
nutrients.  Detailed  and  painstaking  studies  in  the  Hubbard  Brook  system  (Likens,  et 
at,  1977)  have  demonstrated  that  interrelations  with  the  terrestrial  part  of  the 
watershed  have  important  downstream  geochemical  consequences.  Case  (1978), 
using  conductivity  and  geochemical  profiles,  showed  that  up  to  100%  of  flow  in  the 
Gay's  River,  Nova  Scotia,  system  was  derived  from  ground  water  during  seasonal 
periods  of  low  flow. 

Ground  water  hydrologists  have  long  maintained  an  interest  in  lake/ground  water 
interactions.  Winter  (1976)  summarizes  four  schools  of  thought  common  among 
hydrologists  and  lake  water  managers: 

a)  All  lakes  are  discharge  points  of  the  ground  water  system  and  therefore  do  not 
lose  water  through  their  beds; 

b)  All  lakes  are  points  of  recharge  to  the  ground  water  system; 
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c)  Ground  water  discharge  occurs  on  one  side  of  a  lake  and  recharge  occurs  from 
the  other  side;  or, 

d)  All  of  the  above  (see  Born,  et  al,  1974,  for  review). 

While  it  is  not  the  purpose  of  this  paper  to  venture  into  a  hydrological  debate,  it  is 
obvious  from  a  limnological  perspective  that  lake  water/ground  water  interactions 
vary  greatly  between  glaciated  and  unglaciated  regions;  the  humid  east  and  the  arid 
west;  the  seasonal  temperate  region,  and  the  thermally  stable  but  hydrologically 
variable  sub-tropic  and  tropic  regions.  Opinion  (d)  seems  safest,  if  unsatisfactorily 
vague. 

It  is  proposed  here,  however,  that  there  are  two  related,  but  independent  regions 
of  lake  water/ground  water  interaction,  which  are  physically  recognizable,  and 
spatially  definable. 

The  Perilimnion  and  the  Tardelimnion 

Numerical  simulation  models  of  the  interaction  of  lakes  and  ground  water  (Winter, 
1976),  and  ground  water  flow  models  over  resistive  and  "leaky”  beds  (e.g.,  Vanden- 
berg,  1982)  demonstrate  that,  depending  upon  vertical  and  horizontal  coefficients  of 
permeability,  some  of  the  ground  water  originating  within  the  watershed  boundary 
may  pass  beneath  the  bed  of  lacustrine  systems,  therefore  having  no  effect  on  the 
geochemistry  of  the  overlying  lake.  Similarly,  there  is  a  zone  at  some  distance  upslope 
(and  up-gradient)  from  the  shoreline  and  surrounding  a  lake  where  percolating 
ground  water,  (including  some  fraction  of  surficial  runoff  and  interstitial  water  from 
the  watershed  perimeter),  may  enter  or  leave  the  littoral  zone,  and  is  therefore  an 
aquifer.  I  propose  that  this  active  zone  should  be  formalized  as  the  Perilimnion  (Fig. 
1),  i.e.,  that  portion  of  the  catchment  in  which  groundwater  may  enter  or  leave  the 
limnic  environment. 

During  periods  of  recharge  and  high  runoff,  it  is  probable  that  the  perilimnion  is  a 
temporary  source  of  ground  water  as  a  result  of  hydraulic  head  developed  by  more 
rapid  rise  of  the  lake  surface  level  relative  to  the  belated  response  of  percolating 
ground  water. 

In  most  natural  lakes  fine-grained  sediments  of  the  central  basin  extend  shoreward 
to  the  lower  limit  of  the  wave  zone,  and  constitute  an  aquitard,  with  horizontal  and 
vertical  permeability  coefficients  <10~6  cm  s"1.  This  zone,  which  consists  of  both 
allochthonous  and  autochthonous  organic  and  inorganic  particles,  is  underlain  by 
even  more  impermeable  silts  and  clays  throughout  glaciated  regions.  Frequently, 
glacier  meltwater  lakes  are  in  clay-rich  till,  and  moving  ground  water  is  restricted  to 
the  upper  leached  soil  horizons.  I  propose  that  this  zone  of  confined,  or  restricted 
ground  water  movement  through  lake  sediments  be  formalized  as  the  Tardelimnion. 

In  Sallie  Lake,  Minnesota,  seepage  accounted  for  14%  of  annual  inflow.  McBride 
and  Pfannkuch  (1975)  reported  that  99%  of  ground  water  seepage  into  the  lake 
occurred  within  120  m  of  shore  (<1/10  the  distance  to  the  center  of  the  lake),  in  <2.0  m 
of  water.  They  noted  that  fine-grained  sediments  (viz.,  the  tardelimnion)  in  the 
central  basin  began  about  300m  from  the  shoreline. 

Observations  in  Nova  Scotian  lakes  indicate  that  gyttja  underlain  by  silty  clay  occurs 
below  about  3  m  water  depth  (Yuill  and  Ogden,  1982).  Shallow  ground  water  wells, 
extending  into  bedrock  beneath  lake  sediment  (gyttja,  silty  clay,  till)  shows  the 
presence  of  an  hydraulic  head  against  the  lake  bottom  compared  with  shoreline 
piezometers  in  Second  Chain  Lake.  Close  interval  thermal  profiling  with  an  armored 
Whitney  thermal  probe  failed  to  indicate  any  ground  water  intrusion  despite  a  steep 
thermal  gradient  between  lake  water  (22.0  ±  0.2°C)  and  ground  water  (8.0  ±  0.5°C). 

Similarly,  at  Kilkenny  Lake,  Nova  Scotia,  Ogden  and  Gillis,  (1982)  found  that  only 
ground  water  within  ca  100  m  of  the  lake  shore  entered  the  lake  intermittently,  and 
was  quantitatively  insignificant.  Using  ground  water  flow  models  developed  by  Van- 
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Diagrammatic  section  through  a  catchment.  Ground  Water  Table  (W.T.) 

shown  by  dashes  ( - ),  perilimnion  by  dots  ( . ).  Kh  =  horizontal 

groundwater  permeability  coefficient;  Kv  =  vertical  groundwater  permeabil¬ 
ity  coefficient.  Precipitation  input  and  implied  groundwater  movement 
shown  by  solid  arrows. 


Fig.  1 
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denberg  (1982),  and  modified  to  represent  permeabilities  determined  from  geophysi¬ 
cal  studies  by  Geocon  (1975),  it  is  apparent  that  <20%  of  the  Kilkenny  Lake  watershed 
is  a  potential  ground  water  source  to  the  lake. 

As  quantification  of  geochemical  mass  balances  improves,  more  detailed  studies 
are  required  to  further  refine  and  model  the  dimensions  of  perilimnion  and  tarde- 
limnion.  Seepage  flux  in  the  perilimnion  may  be  monitored  using  simple  and  inex¬ 
pensive  instrumentation  as  described  by  Lee  (1977).  One  hopes  that  simulation 
studies,  as  detailed  in  Winter  (1976)  will  provide  guidelines  to  determine  boundaries 
of  the  perilimnion  upslope  from  the  waters  edge.  Thetardelimnion  is  readily  defina¬ 
ble  by  physical  limnological  methods,  using  sediment  probes  to  determine  the 
boundary  of  the  fine-grained  gyttja  and  clay /silt/till  aquitards. 
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THE  PRESIDENT’S  REPORT 

It  is  gratifying  to  report  that  the  Institute  is  financially  sound  and  continues  to 
provide  a  forum  for  the  dissemination  of  scientific  information  through  public 
lectures  and  publication  and  world-wide  distribution  of  the  Proceedings. 

As  the  random  selection  of  topics  forming  the  basis  of  lecture  series  in  previous 
years  were,  on  the  whole,  poorly  attended,  this  year's  format  was  changed  to  seven 
lectures  on  the  common  theme  "An  Ocean  for  the  Taking  .  This  approach,  com¬ 
bined  wth  a  greater  attention  to  publicity,  was  successful  in  improving  attendance  at 
lectures.  Consequently,  the  Council  has  decided  to  follow  this  format  for  1986/87, 
and  has  selected  "Resources  in  Nova  Scotia"  as  the  theme  for  the  lectures.  The  topics 
and  speakers  involved  in  this  year's  program  "An  Ocean  for  the  Taking”  are  summar¬ 
ized:  Marine  Pharmaceuticals:  A  Sunken  Treasure,  J.L.C.  Wright;  Food  Production  in 
the  Aquatic  Environment:  The  Biotechnology  of  Aquaculture,  H.  Rosenthal;  The 
Nature  of  Infectious  Diseases  of  Fishes  of  Coastal  Atlantic  Canada,  D.K.  Cone;  A 
Bigger  Role  for  Small  Cells:  Changing  Ideas  on  the  Ecology  of  the  Open  Sea,  M.R. 
Lewis;  Pollution  and  the  Marine  Fisheries  Resource  in  Atlantic  Canada,  J.F.  Uthe; 
Sedimentary  Basin  Modelling:  A  Tool  for  Hydrocarbon  Exploration?  C.  Beaumont; 
Mineral  Potential  of  the  Ocean  and  Seabed:  A  Case  for  Offshore  Mining,  C.  Schafer. 

Banking  and  other  financial  procedures  of  the  Institute  were  re-structured  on  the 
recommendation  of  Mr.  R.K.  Gwynne-Timothy,  chartered  accountant,  in  order  to 
satisfy  requirements  of  NSERC,  from  which  the  Institute  obtains  an  annual  operating 
grant.  I  have  written  to  Mr.  Gwynne-Timothy,  on  behalf  of  the  Institute,  expressing 
our  gratitude  for  his  services  as  financial  consultant  and  for  agreeing  to  act  as  auditor 
of  the  Institute's  Financial  Statement  for  the  years  1984/85  and  1985/86.  As  these 
services  have  been  provided  at  no  cost  to  the  Institute,  I  feel  sure  that  Members 
present  will  wish  to  express  their  appreciation  so  that  it  can  be  recorded  in  the 
minutes  of  this  meeting. 

As  Dr.  Gary  Hicks  has  tendered  his  resignation  as  Editor  of  the  Proceedings, 
effective  May  31,  1986,  the  Council  recently  ratified  the  appointment  of  Dr.  Alan 
Taylor  as  Editor.  In  addition.  Dr.  John  Walter  indicated  that  other  commitments 
prevent  him  from  continuing  to  serve  as  Treasurer. 

It  is  the  opinion  of  the  existing  Council  that  the  Institute  could  become  more 
effective  if  more  emphasis  was  placed  on  publicity,  membership,  and  lh.?  choice  of 
topics  selected  for  public  lectures.  A  member  of  Council  should  be  given  the 
responsibility  for  ensuring  that  the  activities  of  the  Institute  are  'eported  adequately 
in  the  press,  radio  and  television.  Furthermore  a  Membership  Registrar  should  be 
appointed  to  keep  a  register  of  members,  solicit  new  memberships,  collect  dues  on 
behalf  of  the  Treasurer,  issue  receipts  and,  in  general,  provide  the  Treasurer  with  the 
statistical  information  required  for  the  NSERC  grant  application.  Public  lectures 
would  also  be  improved  by  Council  selecting  a  theme  for  the  following  year  s  annual 
lecture  series  and  appointing  a  member,  or  small  committee,  to  select  a  slate  of 
speakers  and  organize  and  publicize  the  lectures,  in  collaboration  with  the  member 
responsible  for  publicity.  Apart  from  improved  efficiency,  this  reallocation  of  duties 
will  reduce  the  workload  on  the  President  and  Treasurer,  and  thus  permit  them  to 
devote  more  time  to  their  other  functions. 

It  has  been  an  honourand  privilege  to  serve  the  Institute  as  President,  and  I  would 
like  to  take  this  opportunity  to  thank  the  members  of  the  Executive  and  Council  for 
their  interest,  hard  work  and  support  during  my  tenure  of  office.  However,  I  think  the 
Institute  owes  a  special  vote  of  thanks  to  Gary  Hicks  and  John  Walter  for  their 
dedicated  service  as  Editor  of  the  Proceedings  and  as  Treasurer. 


A.  Gavin  Mclnnes 
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La  Revue  Proceedings  of  the  Nova  Scotian  Institute  of  Science  publie  les  travaux  de  I’lnstitut,  des  articles 
originaux  et  des  notes  avant  trait  aux  sciences  naturelles  aux  Provinces  atlantiques,  surtout  dans  les 
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ME,  CNRC”,  etc. 

Les  tableaux  taxonomiques  doivent  se  presenter,  dans  des  cas  de  la  zoologie  et  de  la  paleontologie,  sous 
forme  de  descriptions  dichotomiques  alignees  verticalement,  et  pour  la  botanique  sous  forme  multilineaire 
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complete.  L’abreviation  des  titres  revues  doivent  se  conformer  au  Bibliographic  Guide  for  Editors  and 
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“volume”). 

Auteur,  U.N.  et  Coauteur,  S.O.N.  1978.  Titre  du  livre  au  complet.  Editeur,  Ville. 

Auteur,  U.N.  1978.  Titre  de  Particle.  In  Titre  du  livre  ou  de  Recueil.  (red.  A.  Lenoir  et  B.  Leblanc).  Editeur, 
Ville,  pp.  256-301. 

Les  tableaux  doivent  etre  numerotesen  chiffres  romains,  avoir  un  titre  conciset  etre  signales  dans  le  texte.  Ils 
ne  doivent  pas  comporter  de  lignes  verticales.  Les  tableaux  doivent  etre  soumis  sur  feuilles  a  part. 

Les  dimensions  de  originaux  des  illustrations  ne  doivent  pas  depasser  le  triple  de  celles  de  leur  reproduction 
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et  en  aucun  cas  ne  doivent  etre  inferieurs  en  a  I'etat  reduit,  a  1  mm,  hauteur.  Les  origineaux  des  illustrations 
son  exiges,  ainsi  qu’un  jeu  de  copies  bien  propres.  Les  legendes  des  illustrations  doivent  etre  ecrite  a  la 
machine  sur  feuille  a  part. 

Les  photographies  doivent  etre  montees  sur  du  bristol  bien  rigide,  pretes  a  la  reproduction.  Les  epreuves, 
sur  papier  glace,  doivent  etre  d’excellente  qualite.  Les  photographies  destinees  a  etre  groupees  doivent  etre 
montees  ensemble  sans  intervalle.  Les  photographies  de  qualite  inferieure  seront  refusees,  ce  qui  risque 
d’entrainer  des  remaniements  importants  du  manuscrit. 

Les  illustrations  en  couleur  sont  acceptables,  a  la  discretion  de  la  redaction.  Toutefois,  lesfraisde  reproduc¬ 
tion  en  couleur  restent  a  la  charge  des  auteurs,  qui  doivent  d’ailleurs  en  accepter  la  responsabilite  par  ecrit. 

Les  auteurs  seront  responsables  de  la  correction  des  epreuves.  Les  commandes  de  tirages  a  part,  en  sus  des 
15  fournis  a  titre  gratuit,  doivent  etre  passees  au  moment  de  la  remise  des  epreuves  corrigees. 

On  impose  un  tarif  de  $20.00  pour  chaque  page  de  texte  et  de  $30.00  par  page  de  cliches,  sauf  pour  les  cas 
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